UNITED STATES 

TENNESSEE VALLEY AUTHORITY 


THE 

NORRIS PROJECT 

A Comprehensive Report on the Planning, Design, 
Construction, and Initial Operations of the 
Tennessee Valley Authority’s First 
Water Control Project 

TECHNICAL REPORT No. 1 


UNITED STATES 

GOVERNMENT PRINTING OFFICE 
WASHINGTON : 1940 



Copies of this publication may be procured from the 
Superintendent of Documents, Washington, D. C. 
Price, cloth cover $1.50 



Tennessee Valley Authority, 
Knoxville , Tenn ., March $7, 1939 . 
Mr. John B. Blandeord, Jr., General Manager , 

Tennessee Valley Authority , Knoxville , Tenn. 

Dear Mr. Blandeord : The attached report on the planning, design, 
construction, and initial operations of the Norris project has been 
prepared 1 by my own staff with contributions from a large number of 
persons from the various staffs of the Authority. 

On account of the widespread interest in the Norris project and its 
■monumental character, I recommend that this report be printed as 
a public document. 

Yours very truly, 

T. B. Parker, Chief Engineer . 

Approved by Board of Directors, April 17, 1939. 

^ - “ in 




CONTENTS 


Chapter Page 

1. Introduction 1 

2. Project investigations , 15 

3. Dam and powerhouse design 71 

4. Access roads and employee housing 161 

5. Construction plant and river diversion 221 

6. Dam and powerhouse construction 327 

7. Reservoir activities 485 

8. Initial operation and related development 539 

9. Costs 565 

Acknowledgments 635 

APPENDIXES 

A. Statistical summary 637 

B. Consultants’ reports 651 

C. Design studies 661 

D. Model studies „ 693 

E. Cement and aggregate studies 743 

F. Acceptance tests 757 

G. Specifications 769 

H. Allocation of costs 793 

I. Personnel data 797 

J. Tennessee Valley Authority Act 809 

K. Plans and specifications for the Norris Dam (separate volume) 829 

Index 831 

ILLUSTRATIONS 

Norris Dam, powerhouse, and switchyard Frontispiece 

Figure Page 

1. Map and profile of the Tennessee River system 2 

2. Water-control projects in the Tennessee Valley — A comparison of 

principal features 6 

3. Map and profile of the Clinch and Powell Rivers 16 

4. Site A before construction was started 19 

5- General geologic formation at dam site 20 

6. Average annual rainfall, eastern portion of the Tennessee Valley 25 

7. Area of flooding at Chattanooga in the 1867 flood 26 

8. Occurrence of fldSds at Chattanooga and the population growth 

curve 27 

9. Comparison of flood peaks at Clinton and Chattanooga 28 

10. Maximum flood of record at Clinton (1886) 29 

11. Storm of March 1929 31 

12. Controlling depths in the Tennessee River before and immediately 

after the completion of Norris 33 

13. Occurrence of all record floods at Chattanooga, Tenn 34 

14. Occurrence of all record floods at Clinton, Tenn 35 

15. Potential flood damage in 1938 to city of Chattanooga 37 

16. Distribution of run-off — 12-year period, 1920-32 38 

17. Possible reservoir operation during the 1897 flood 40 

18. Study of possible Norris Reservoir operations for regulation of the 

Tennessee River at Florence, Ala 44 

19. United States Army Engineers’ design for Cove Creek Dam 46 

20. Preliminary design — Straight concrete gravity type dam 48 

21. Preliminary design — Concrete round-head buttress type dam 49 


v 



VI 


CONTENTS 


Figure 

22. Preliminary design — Rolled earth fill type dam 

23. Preliminary design — Rock fill type dam 

24. Geology of the reservoir region 

25. Population density map — 1930 

26. Plan, elevations, and sections 

27. Cross sections through powerhouse 

28. Treatment of step in foundation 

29. Foundation deformation gage 

30. Contraction joint grouting system 

31. Grout cell details 

32. Typical installation of thermometers 

33. Typical strain meter installation 

34. Contraction joint meter installation 

35. Uplift measuring equipment 

36. Drum gate, general arrangement and details 

37. Drum gate operation details 

38. Drum gate discharge as determined by model studies- 

39. Slide gate details 

40. Details of earth embankment 

41. Penstock intake structure 

42. Details of tractor gate 

43. Section through generator and turbine 

44. Turbine runner 

45. Speed ring 

46. Scroll case 

47. Details of scroll case 

48. Wheel pit liner 

49. Crown plate 

50. Guide bearing (grinding mechanism housing in place) 

51. Wicket gate 

52. Details of draft tube 

53. Governor installation 

54. Single-line development diagram 

55. Generators 

56. Generator stator 

57. Generator rotor 

58. Guide and thrust bearing arrangement 

59. Exciters, main and pilot 

60. Main transformers and switchyard 

61. Single-line wiring diagram 

62. Main control room switchboards 

63. Station service single-line diagram 

64. Grounding system for dam, powerhouse, and switchyard 

65. Powerhouse crane 

66. Architectural treatment 

67. Visitors 1 reception room 

68. Switchyard — location plan 

69. Section — 154-kilovolt switchyard 

70. A portion of the Coal Creek-Norris Dam access road 

71. Access road location map 

72. Typical cross section of the concrete heavy-duty access road 

73. Typical cross section of access road, Norris Dam-Halls Crossroads 

74. Hinds Creek bridge 

75. Site lay-out 

76. Typical workmen's dormitory * 

77. Staff dormitory 

78. Women's dormitory 

79. Cafeteria building 

80. Community building 

81. House type D2 

82. House type N2 

83. House type 21 

84. House type 32 

85. House type 4 1C 

86. House type 44 

87. House type 54 


Page 

51 

52 
55 
60 

72 

73 

78 

79 
82 

84 

85 

86 

87 

88 
89 

• 91 
92 
95 
98 
100 
102 

107 

108 
109 

109 

110 
112 

113 

114 

115 
117 
120 

123 

124 

125 

126 
127 
130 
132 

134 

135 
140 
142 
146 

151 

152 

154 

155 
162 
163 

167 

168 
171 
180 

187 

188 

189 

190 
192 
197 
197 

197 

198 
198 

198 

199 



CONTENTS 


VII 


Figure rage 

88. House type A 200 

89. House type B 200 

90. House type C 200 

91. House type D 20] 

92. House type K— C 20] 

93. Typical duplex house 202 

94. Typical apartment building 203 

95. Typical remodeled farm house 204 

96. Typical group garage 205 

97. Cost structure of group 1 houses 206 

98. Cost structure of group 2 houses . 207 

199. School building 212 

100. Store building and town office 214 

101. Typical cabin in tourist camp 215 

102. Laboratory building 216 

103. Construction schedule 222 

104. General view of plant 223 

105. General lay-out of construction plant 223 

106. Construction plant equipment schedule 224 

107. Sluicing operations 227 

108. Wagon drills in operation 229 

109. Shovels and trucks working in the quarry 233 

110. Quarry operations — Quantities and costs 235 

111. Comparison of hammer mill and cone crusher products 240 

112. Flow of coarse aggregate through the plant 242 

113. Coarse aggregate flow sheet 243 

114. Coarse aggregate production — Quantities and costs 245 

115. Sand plant 248 

116. Flow of fine aggregate through plant 249 

117. Fine aggregate flow 250 

118. Sand washing plant 251 

119. Sand plant operation — Quantities and costs 253 

120. Cement unloading facilities at Coal Creek 263 

121. Cement handling facilities at the dam 265 

122. Cement handling — Quantities and costs 266 

123. Mixing plant 267 

124. Schematic lay-out of mixing plant 269 

125. Batcher stands 271 

126. Concretemixers 272 

127. Concrete mixer plant — Quantities and costs 275 

128. Part of recording wattmeter chart (consistency meter) 276 

129. Transfer cars 278 

130. Concrete haulage — Quantities and costs 280 

131. Comparison of recent cableway installations 281 

132. Thrust rail and ball and socket truck connection 283 

133. Cableway lay-out 284 

134. Head and tail towers 285 

135. General arrangement of the towers 286 

136. General arrangement of cables and carriage 286 

137. Both cableways handled heavy pieces of equipment 290 

138. Cableway — Operating time and costs 293 

139. Concrete buckets 295 

140. Krane Kar placing panel form 296 

141. Vibrators for mass concrete 297 

142. Calyx drill — Method of operation 298 

143. Grouting machine 300 

144. Estimated compressed air use 303 

145. Electric power consumption 303 

146. Biver diversion schedule for first and second stages '308 

147. Biver diversion schedule for third and fourth stages 309 

148. Cofferdam No. 1 311 

149. Cofferdam No. 2 313 

150. Cofferdam No. 3 314 

151. Closure gate and method of placing 318 

152. Closure operations 319 

153. Flood forecasting chart 322 



VIII CONTENTS 

Figure Page 

154. Twenty-four hour unit graph — Arthur, Tazewell, Coal Creek water- 

shed 323 

155. Plant and equipment costs — Gross and net 324 

156. Handrails, ladders, and other safety features 334 

157. Engineering News-Record construction cost index, 1933-37, and its 

relation to procurement 340 

158. Field control system 347 

159. Micrometer height gage 351 

160. Checking speed ring with machinist's straight edge 352 

161. Excavation in cofferdam No. 1 353 

162. Line-drilled faces 355 

163. Excavation in cofferdam No. 2 356 

164. Excavation in cofferdam No. 3 357 

165. Monthly earth and rock excavation for dam and core trench 358 

166. Patterns used in drilling foundation grout holes 359 

167. Types of hole explorers 360 

168. Periscope for exploring drill holes 361 

169. Typical foundation area 362 

170. Flow reversing device 363 

171. Washing operations *. 364 

172. Double expanders used in 3-inch and 5}£-ineh holes 365 

173. Expander for wagon drill holes 367 

174. Tunnel, with grout piping system installed, ready for concreting 369 

175. Pneumatic expanders, for washing 3-inch and 5]44nch holes 371 

176. Mechanical expander for core holes 372 

.177. Characteristic deposits of grout 374 

178. Core hole packers 376 

179. Model used to study the effect of grouting on the ground water table- 377 

180. Jar rods and packers 379 

181. Sand grout cores 382 

182. Combined coarse aggregate grading 390 

183. Combined fine aggregate grading 391 

184. Concrete grading and mix data 394 

185. N ozz] e used to clean concrete surfaces 400 

186. Form nomenclature 403 

187. Typical panel forms 404 

1 88. Form bracing 405 

189. Placing panel forms 405 

190. Field labor costs of panel forms (based on special time studies) 406 

191. Formwork costs 406 

192. Field laboratory for testing concrete 409 

193. Mass concrete — Monthly quantities and costs 414 

194. Hopper and slide used for loading trucks at east embankment 416 

195. Material being placed in the downstream fill. The fill is about 75 

percent complete 418 

196. Completed riprap on the upstream slope 419 

197. Details of various types of welds used in Norris penstocks 421 

198. Field welding in progress 423 

199. X-ray operations 424 

200. Typical X-ray picture of rejected and acceptable welds 425 

201. Heating units in place on a 20-foot pipe section 426 

202. Location of test pieces in west penstock 428 

203. Gage line diagram — Unrelieved penstock joint 429 

204. A. Deformations in test piece removed from welded penstock which 

had been stress relieved 431 

B. Deformations and principal strains in test piece removed from 

welded penstock joint which had not been stress relieved 431 

205. Draft tube forms in place 434 

206. Speed ring assembly 435 

207. Structural steel erection 437 

208- Exterior powerhouse walls 438 

209. Details of the special radial grinder 440 

210. Grinding operation 441 

211. Clearances in inches between guide bearing and shaft — west unit 445 

212. Clearances in inches between guide bearing and shaft — east unit 446 

.213. Struts welded to turbine runners to eliminate vibration 448 



CONTENTS 


IX 


Figure Page 

214. Tractor gate erection 453 

215. Apron concreting operations 456 

216. Drum gate erection 458 

217. Trashrack construction 461 

218. Liners in place with formwork for downstream concrete 464 

219. Placing girders for spillway bridge 466 

220. Cantilever forms were handled by cableway 469 

221. Switchyard during construction 471 

222. Moving transformers from Coal Creek to the switchyard 472 

223. Loyston dike — Plan and elevation 474 

224. Upstream slope of Loyston dike 478 

225. Reservoir activities 486 

226. Silt range and control survey marker 488 

227. Arrangement of level control lines 489 

228. Slope taping procedure 489 

229. Typical triangulation figures and traverse schemes used to coordinate 

silt range and control survey monuments 490 

230. Typical section of control-index sheet 491 

231. Specimen data card of silt range on control survey monument 492 

232. Enlarged aerial photograph used as plane table sheet 493 

233. Typical property inventory form 494 

234. Typical property plat 495 

235. Land purchased for reservoir purposes 496 

236. Marking contour in wooded area 497 

237. Property marker monument 498 

238. Agencies assisting in family removal 507 

239. Representative of the better houses 508 

240. Representative of the poorer houses 508 

241. Disinterment cemetery and reinterment cemetery 509 

242. Disinterment and major reinterment cemeteries 512 

243. Field box library 514 

244. Mobile first-aid station 515 

245. Archaeological survey 518 

246. Principal highway bridges 520 

247. Location of highway relocation work 522 

248. Typical new state and county highway bridges 523 

249. Railroad relocation .1 525 

250. Old and new location of Middlesboro branch of Southern Railway 526 

251. Location of Cove Creek bridge of Louisville & Nashville Railroad and 

abandoned Vasper-La Follette branch of Southern Railway 528 

252. Communication and power lines that were relocated 529 

253. Caryville, Tenn 532 

254. Plan, elevation, and sections of Caryville Dam 534 

255. Caryville Dam — During and after construction 535 

256. Release of water stored during January-February 1937 flood 540 

257. Pressures required to raise and lower slide gates 541 

258. Organization chart for dam and power plant operation 542 

259. Cavitation in the west unit 543 

260. Stream gages in the Norris Basin 544 

261. Location of springs and runs 545 

262. Discharge of springs and runs 545 

263. Norris evaporation station 546 

264. Silt sampler 547 

265. Location of larvicidal oil tanks and mosquito catching stations 548 

266. Special land uses^^ 551 

267. An example of erosion control .* 552 

268. Doakes Creek Dam 554 

269. Sixty-foot all-steel Diesel-motored boat 556 

270. Norris boat landing 557 

271. Boat landings in operation during 1938 558 

272. Norris Park cabin 558 

273. Big Ridge Dam 559 

274. Big Ridge Park 560 

275. Accounting and cost engineering organization 566 

276. Cost ledger 568 

277. Public voucher for purchases and services other than personal 569 



X 


CONTEXTS 


Figure 

278. Field voucher payable 

279. Journal voucher 

280. Foreman’s time card 

281. Time checker’s record 

282. Employee’s ledger 

283. Pay roll for personal services 

284. Purchase requisition 

285. Purchase order 

286. Material checker’s report 

287. Partial delivery report 

288. Over, short, or defective report 

289. Stores ledger 

290. Stores requisition 

291. Materials requisitioned and issued 

292. Transfer voucher 

293. Engineering and valuation data, rated and nonrated equipment 

294. Equipment ledger 

295. Available equipment report 

296. Shipping ticket 

297. Shippers’ report 

298. Equipment transfer memo 

299. Economical rate depreciation 

300. Equipment investment studies 

301. M obile exp ense 3 II 

302. Cableway shift report 

303. Machine shift report 

304. Excavation foreman’s report 

305. Shift truck report 

306. Shop order - 

307. Shop order list 

308. Time and material card 

309. Detailed cost analysis _ I II 

310. Shift concrete report 

311. Norris Dam foundation inspector’s shift report I. II I II 

312. Daily force report IIIIIIII 

313. Daily excavation report HI 

314. Labor cost comparison.— ""II 

315. Equipment performance detail IIII 

316. Sand plant operation report IIIIIIII 

317. Crushing and screening plant operation report 1 1 1 1 1 1 1 

318. Equipment report of repair and mechanical condition II III 

319. Cost report and revised estimate to complete 

APPENDIXES 

320. Gravity analysis — Reservoir elevation 1052 

321 . Gravity analysis — Reservoir elevation 1047 Z Z 1 1 1 1 

322. Gravity analysis — 'Reservoir elevations 1060 and 1034 IZZIIZZZZZZ 

323. Gravity analysis — Including earthquake effects II. II I 

324. Trial load twist analysis — Location of cantilevers and beams— Sliding 

factors and resultants 

325. Trial load twist analysis — Load distribution and adjustments "on 

horizontal elements — Reservoir full stresses and load distribution 

326. Factor of safety against sliding for conditions 1 and 2 with and with- 

out toe rock 

327. Diagram of forces for resisting toe rock I.I.ZIIZUZZIZIIZ 

328. Prototype — In operation in February 1937 I III III II 

329. Model as finally developed by tests . _ H 

330. Model design ZZIZZIIZHZ 

331. Relationships of jump height and tail' water rating curvell I II I III II 

332. Jump height and tail water rating curves for Norris I HI” 

333. Model 8:1 slope, apron at elevation 810, sill at elevation 8191 ' 

334. Types of diffuser sills tested 

335. A. Wheeler type diffuser sill. B. Parabolic hump' Hver "outlet 

conduits 

336. Comparison of pool action with one of the more unsuccessful model 

set-ups (A) and the adopted design (B) 


Page 

570 

571 

572 

573 
573 

575 

576 

577 

578 

579 

580 

581 

582 

582 

583 

584 

585 

586 

587 

588 

589 

590 

592 

593 

594 

594 

595 

596 

597 

598 
598 
600 
602 

603 

604 

605 

606 

607 

608 

609 

610 
611 


663 

664 

665 

666 

667 

668 

688 

688 

694 

694 

695 

696 

697 

699 

700 

701 

702 



CONTENTS 


XI 


Figure Page 

337. Coefficient (K) and exponential tn) curves for Q = KLH n 708 

338. Discharge curves 710 

339. Coefficient of discharge (C) in Q — CLH 3 / 2 — Reservoir elevation for 

comparison with observed data 711 

340. Coefficient of discharge (C) in Q = CLH 3 / 2 — Reservoir elevation for 

comparison with other similar data 711 

341. Drum gate pressures 712 

342. Training wall pressures 713 

343. Details of outlets 717 

344. Results of architectural studies 719 

345. Model and supporting frame 722 

346. Arrangement for applying dead ana live loads 723 

347. Principal stresses — Dead and live loads 725 

348. Vertical and horizontal stresses and horizontal shearing stresses 727 

349. Vertical, horizontal, and shear stresses (with gallery cut in section) 728 

350. Dead and live load stresses at corners 728 

351. Observed stresses around gallery 730 

352. Deflection measurements 731 

353. Tractor gate model 733 

354. Submerged gate 734 

355. Flat-bottom gate 734 

356. Sloping-bottom gate 735 

357. Various shapes of bottoms and approaches 735 

358. Pressures above and below beams for the three types tested 736 

359. Recording wattmeter record — Power to lower and open gate 737 

360. Closing speed 738 

361. Dimension of bottom of gate 739 

362. Test results and calculated values for eases I and II 741 

363. Cement plants serving the Tennessee Valley 744 

364. Strength of laboratory-mixed concrete at 28 days 749 

365. Modification of Carlson vane calorimeter. 750 

366. Mortar workability of sand 751 

367. Sieve analysis of sand produced with a 3-foot Symons cone crusher __ 755 

368. Forms used for routine acceptance tests on cement 758 

369. Forms used for summarizing cement tests and for reporting acceptance 

and shipment 759 

370. Sample envelope and form for steel acceptance tests 760 

371. Section view of the dam through unit No. 1 penstock, showing loca- 

tion of piezometers and recording devices 761 

372. Results of efficiency test by Gibson method — Unit No. 1 763 

373. Saturation curves and field heating curve of unit No. 2 765 

374. Losses and efficiencies of unit No. 2 766 

375. Organization chart 796 

TABLES 

Table 

1. Results of tests on 4^-inch diameter drill cores from Norris Dam 

foundation 22 

2. Comparison of test results — foundation rock, Norris, Boulder, and 

Grand Coulee Dams 23 

3. Number of times that stated river stages have been exceeded at 

Clinton and Chattanooga 27 

4. Contribution of Clinch River to Tennessee River floods at Chat- 

tanooga 28 

5. Rainfall and run-off of selected streams adjacent to the Clinch Basin 

during the flood of March 23-31, 1929 32 

6. Run-off from Clinch River Basin at Clinton during flood periods 

1898-1937 36 

7. Capacity of reservoir between elevation 955 and elevation 1,045 38 

8. Clinch River at Clinton, run-off in inches for selected periods 39 

9. Clinch River at Norris, natural flow by weeks 1921—34 42 

10. Increase in. system output due to the Norris plant 45 

11. Comparative costs of types of structures considered 50 

12. Comparison of Norris Dam cost with preliminary estimates by United 

States Bureau of Reclamation and United States Army engineers 54 



XII 


CONTENTS 


Table l'age 

13. Acreage, assessed valuation, and annual revenues for reservoir coun- 

ties 61 

14. 1934 indebtedness of the five Norris Reservoir counties 62 

15. A summary classification of families according to their probable 

dependence upon outside assistance 66 

16. Summary of answers to questionnaire relative to the family 67 

17. Summary of answers to questionnaire relative to the home 67 

18. Summary of answers to questionnaire relative to the farm 67 

19. Summary of answers to questionnaire relative to relocation desires. . 68 

20. Comparison of analytical and experimental stresses 76 

21. Assumed values for stability studies 77 

22. Results of tests on foundation rock 81 

23. Comparison of foundation rocks — Norris, Boulder, and Grand Coulee 82 

24. Comparison of original and revised stresses 111 

25. Girth and longitudinal stresses 111 

26. Comparison of various scroll cases 111 

27. Inside dimensions of plate as designed and as built 112 

28. Summary of acceptance tests results 119 

29. Direct construction costs of Norris freeway 164-5 

30. Tabulation of bids for construction of access road between CoaJ 

Creek and the dam 167 

31. Principal features of NDT Nos. 1, 2, and 3 168 

32. Tabulation of bids for construction of access road between Halls 

Crossroads and the Knox County line 169 

33. Tabulation of bids for construction of access road between the Knox 

County line and Route 61 169 

34. Construction quantities 170 

35. Allocation of freeway costs 172 

36. Amount of land used and amount available 179 

37. Housing statistics for present and possible future developments 181 

38. Quantitative data — first group of 152 houses 196 

39. Quantitative data for the group 2 houses 199 

40. Cost comparisons of houses in the residential section 207 

41. ' Cost of individual house types, group 1 208 

42. Unit costs of each type, group 2 208 

43. Comparative economy of house types, group 1_ 209 

44. Types in order of size, group 1__, 209 

45. Comparison of the three general classes of houses 210 

46. Quantities and costs — cinder block houses 210 

47. Comparison of actual cost with bid prices 217 

48. Cost data, June 30, 1935 218 

49. Amount of cost of camp and village charged to the project 219 

50. Quantities and costs developing quarry face 228 

51. Typical drilling crew — 12 drills 229 

52. Drilling^ ope rations, average performance and cost, 12 drills... 230 

53. Quantities and costs, blasting material ' 232 

54. Data on quarry shovels 232 

55. Performance of quarry shovels during period of maximum activity — 

June 1934 to October 1935 234 

56. Performance of quarry trucks during period of maximum activity — 

January 1934 to October 1935 236 

57. Analysis of quarrying costs 237 

58. Pirst cost and installation cost of major parts of the coarse aggregate 

plant 242 

59. Total aggregate produced IIZIIIIZ 244 

60. Analysis of crushing and screening costs ZZZZ- 246 

61. Pirst cost and installation cost of major parts of the sand plant 252 

62. Analysis of fine aggregate costs * 254 

63. Average screen analyses of sand plant products and concrete aggre- 

« j . « ate 258 

64. Average screen analyses of concrete aggregate cobbles 258 

22* Average screen analyses of concrete aggregate coarse rock 259 

66. Average screen analyses of concrete aggregate medium rock H_ 259 

co ^ vera S e screen analyses of concrete aggregate fine rock 260 

cn J 7 " vera &e screen analyses of concrete aggregate coarse sand _ 260 

69. Average screen analyses of concrete aggregate fine sand 261 



CONTENTS 


XIII 


Table Page 

70. Fineness analyses 261 

71. Chemical analysis of dolomite concrete aggregate 261 

72. Cableway performance 290 

73. Cable performance during first 16,947 hours of operation 292 

74. Analysis of cableway operating costs 293 

75. Summary of quantities and costs 299 

76. Highest and second highest maximum mean daily discharges by 

months, 1898 to 1932 306 

77. Adequacy of various diversion capacities 306 

78. Summary of estimated saving on revised cofferdam scheme 310 

79. Quantities and costs — cofferdam No. 1 312 

80. Quantities and costs — cofferdam No. 2 312 

81. Quantities and costs — cofferdam No. 3 315 

82. Cost of closure equipment and closure operations 320 

83. Gross cost and salvage value of major construction plant and equip- 

ment items , 324 

84. Cement specifications * 384 

85. Recommended aggregate grading 385 

86 Average screen analyses of sand plant products and concrete aggre- 
gates * 389 

87. Mass concrete aggregate grading based on proportions of nominal 

sizes in use prior to January 29, 1935 390 

88. Mass concrete aggregate grading based on proportions -of nominal 

sizes to correct to desired grading 391 

89. Average strength of field mixed concrete, Dec. 1, 1936 396 

90. Test results on 17- by 34-inch concrete drill cores from mass concrete 

in Norris Dam — age 180 days 398 

91. Unit costs for the various classes of concrete used 414 

92. Land purchases in fee and land easement purchases for Norris project 

as of September 30, 1938 503 

93. Summary of cemetery relocation data and costs as of December 31, 

1937 512 

94. State and county highways affected in the reservoir area 520 

95. County bridge construction 522 

96. County highway construction 522 

97. Plant- generation service data 540 

98. Summary of tree planting activities 551 

99. Summary of soil erosion control 551 

.100— A. Final project cost — general summary 614 

100— B. Final project cost — detailed summary 615 

1 00 — C . Final project cost — details 619 

101. Details of certain indirect construction costs and distributive general 

expenses by activities 633 

APPENDIXES 

102. Effect of variations in uplift on sliding factor 669 

103. Effect of variations in uplift on shear-friction factor 670 

104. Abutment section — computation of concrete weights, moments, and 

eccentricity — without earthquake effect 675 

105. Abutment section— stresses — reservoir empty — without earthquake 

effect 676 

106. Abutment section — stresses — reservoir elevation 1,052.0 — without 

earthquake effect 676 

107. Abutment section— eccentricity of resultant water and dead loads — 

reservoir elevation 1,052.0 — without earthquake effect 676 

108. Abutment section — horizontal shear stresses — reservoir elevation 

1,052.0 — without earthquake effect 677 

109. Abutment section— sliding factors — reservoir elevation 1,052.0 — 

without earthquake effect 677 

110. Abutment section — eccentricity resultant of water and dead loads and 

uplift — reservoir elevation 1,052.0 — without earthquake effect 677 

111. Abutment section — shear-friction factors of safety — reservoir eleva- 

tion 1,052.0— without earthquake effect 677 

112. Spillway section — computations of concrete weights, moments, and 

eccentricity — without earthquake effect 678 



XIV 


CONTENTS 


Table Page 

113. Spillway section — computations of water load and moments above 

elevation 1,000 — reservoir elevation 1,052.0 — without earthquake 
effect 67 8 

114. Spillway section — stresses — reservoir empty — without earthquake 


115. Spillway section — stresses — reservoir elevation 1,052.0 — without 

earthquake effect 679 

116. Spillway section — eccentricity of resultant water and dead loads — 

reservoir elevation 1,052.0 — without earthquake effect 679 

117. Spillway section — horizontal shear stresses — reservoir elevation 

1,052.0 — without earthquake effect - 679 

1 18. Spillway section — sliding factors — reservoir elevation 1,052.0- — without 

earthquake effect 679 

119. Spillway section — eccentricity of resultant water and dead loads and 

uplift — reservoir elevation 1,052.0 — without earthquake effect 680 

120. Spillway section — shcar-friction factors of safety — reservoir elevation 

1.052.0 — without earthquake effect 680 

121. Abutment section — stresses — reservoir elevation 1,034.0 — without 

earthquake effect 680 

122. Abutment section — eccentricity of resultant water and dead loads — 

reservoir elevation 1,034.0 — without earthquake effect 680 

123. Abutment section — horizontal shear stresses — reservoir elevation 

1.034.0— without earthquake effect __ 681 

124. Abutment section — sliding factors — reservoir elevation 1,034.0 — 

without earthquake effect 681 

125. Abutment section — shear-friction factors of safety — reservoir eleva- 

tion 1,034.0 — without earthquake effect 681 

126. Abutment section — computations of moments and eccentricity — 

with earthquake effect 681 

127. Abutment section — stresses — reservoir empty — with earthquake 

effect 682 

128. Abutment section — shear stresses on horizontal plane — reservoir 

empty — with and without earthquake effect 682 

129. Abutment section — stresses — reservoir elevation 1,034.0 — with earth- 

quake effect 682 

130. Abutment section — eccentricity of resultant water, dead, and earth- 

quake loads — reservoir elevation 1,034.0 682 

131. Abutment section — horizontal shear stresses — reservoir elevation 

1.034.0 — with earthquake effect 683 

132. Abutment section — horizontal forces — reservoir elevation 1,034.0 — 

with earthquake eff ect 683 

133. Abutment section — sliding factors — reservoir elevation 1,034.0 — with 

earthquake effect 683 

134. Abutment section — shear-friction factors of safety — reservoir eleva- 

tion 1,034.0 — with earthquake effect 683 

135. Spillway section — computations of water load and moments above 

elevation 1,000 — reservoir elevation 1,034.0 — without earthquake 
effect 683 

136. Spillway section — stresses — reservoir elevation 1,034.0— without earth- 

quake effect 684 

137. Spillway section — eccentricity of resultant water and dead loads — 

reservoir elevation 1,034.0— without earthquake effect 684 

138. Spillway section— horizontal shear stress — reservoir elevation 

1.034.0 — without earthquake effect 684 

139. Spillway section — sliding factors — reservoir elevation 1,034.0- — with- 

out earthquake effect 684 

140. Spillway section — eccentricity of resultant water and dead loads and 

uplift — reservoir elevation 1,034.0 — without earthquake effect 685 

141. Spillway section — shear-friction factors of safety — reservoir elevation 

1,034.0 — without earthquake effect 685 

142. Spillway section — computations of moments and eccentricity — with 

earthquake effect 685 

143. Spillway section — stresses — reservoir empty — with earthquake effect _ 686 

144. Spillway section — shear stresses on horizontal plane — reservoir 

empty — with and without earthquake effect 686 



CONTENTS XV 

Table Page 

145. Spillway section — stresses — reservoir elevation 1,034.0 — with earth- 

quake effect 686 

146. Spillway section — eccentricity of resultant water, dead, and earth- 

quake loads — reservoir elevation 1,034.0 686 

147. Spillway section — horizontal shear stresses — reservoir elevation 

1.034.0 — with earthquake effect 687 

148. Spillway section — sliding factors — reservoir elevation 1,034.0 — with 

earthquake effect 687 

149. Spillway section — shear-friction factors of safety — reservoir elevation 

1.034.0 — with earthquake effect 687 

150. Scale relationships 695 

151. Coefficient of discharge of spillway drum gates 704 

152. Adjustment by least square method 705 

153. Calculations of prototype coefficient of discharge from observed data- 708 

154. Discharge table computed from the formula Q = KLH n .„ 709 

155. Comparison of velocities measured on model and converted to pro- 

totype and velocities computed from prototype 714 

156. Pressures in outlet conduits 716 

157. Maximum vertical and horizontal stresses computed from strain 

measurements 726 

158. Horizontal shearing stresses computed from strain measurements 726 

159. Maximum principal stresses computed from strain measurements 728 

160. Comparison of stresses obtained analytically and experimentally 729 

161. Tractor gate model study 736 

162. Mix data for a 1-cubic-yard batch •_ — 747 

163. Chemical analyses of cements 747 

164. Mass concrete strengths blocks 40 and 43 — 747 

165. Concrete temperatures blocks 40 and 43_- 748 

166. Compressive strength — laboratory-mixed concrete 750 

167. Results of tests performed on rock flour — 752 

168. Results of flow table and pendulumeter tests--- 756 

169. Results of turbine and unit efficiency tests 762 

170. Resistances corrected to 75° centigrade 764 

171. Acceptance tests — generator No. 2, tabulation of losses and effi- 

ciencies 766 




THE NORRIS PROJECT 


Chapter 1 

INTRODUCTION 

This report is published for the purpose of giving to the engineer- 
ing profession the important and useful facts about the planning 
and construction of the Norris Dam and Reservoir on the Clinch 
River, in eastern Tennessee, by the Tennessee Yalley Authority, an 
agency of the United States Government. 

The material presented herein has been selected and condensed 
from the large mass of data, many times greater in volume, contained 
in the Authority’s files. To make this report of greatest use to those 
engaged on other similar projects, relatively little space is given to 
such parts of the work as followed well-established engineering prac- 
tice ; while, on the other hand, novel or unprecedented features are 
described and explained in much more detail. It is hoped that many 
parts of this exposition will be found useful and interesting also to 
the general public. 

LOCATION AND CHARACTER OF THE 
TENNESSEE YALLEY 

The headwaters of the Tennessee River are in the Great Smoky and 
the Blue Ridge Mountains — the highest ranges east of the Rockies — 
which are located in eastern Tennessee, in western Virginia, and 
North Carolina, and in northern Georgia. The main river be- 
gins just above Knoxville, Tenn., at the confluence of the Holston 
and French Broad Rivers. It flows in a southwesterly direction 
through Tennessee, crosses northern Alabama, forms a small portion 
of the northeastern boundary of Mississippi, and then flow's north 
through western Tennessee and western Kentucky to empty into the 
Ohio River at Paducah, Ky., a distance of about 650 miles. The 
Tennessee River drains an area of 40,910 square miles — about equal 
to four-fifths of the area of England. This is a region of forests, pas- 
ture lands, orchards, and small farms. The mountain region, which 
includes the Great Smoky Mountains National Park and a number 
of national forests, is in striking contrast to the relatively flat lands 
of northern Alabama, occupied by large cotton plantations, and to 
the rolling land of western Kentucky. The Tennessee Valley area 
has a population of approximately 2 % million people, of whom only 
about a quarter live in cities ; about half are actually farm dwellers. 

155813—40 2 1 
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The Tennessee River drainage basin has a variety of natural 
resources. About half of its area is covered by forests from which 
most of the merchantable timber has been cut and the region lias a 
large supply of coal, iron, and various other minerals. The fall 
of the streams from an elevation of more than 3,000 feet in the upper 
valleys to about 300 feet at the outlet of the Tennessee River into 
the Ohio, combined with the large annual rainfall, which ranges from 
40 to 80 inches, provides great water power possibilities. 



Figure 1. — Map and profile of the Tennessee River system « 


The general program of the unified development of the Tennessee 
River system, is outlined in the Authority’s report 1 to Congress dated 
March 31, 1936. This program will provide a navigation channel of 
liberal capacity from Knoxville to the mouth of the river, a distance 
of about 650 miles. It will insure an adequate water supply for the 
operation of locks and will contribute substantially to flood control. 
It will also provide many incidental benefits of importance, including 
a large supply of electric power. 
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In addition to the main river dams, the plan already provides for 
large tributary dams. These dams will store floodwuter and thus 
provide substantial control for the regulation of high water fluctua- 
tions at dams and river terminals below and for an increased low 
water flow. Facilities are being planned for producing electric 
power at each of these tributary dams. Norris Dam, the first to be 
constructed, plays an important part in this system because of its 
large storage capacity and the comparatively large flow contributed 
by the Clinch and Powell Rivers to flood peaks on the Tennessee 
River. 

HISTORY OF THE TENNESSEE RIVER DEVELOPMENT 

The history of the Norris project is inextricably connected with 
that of the Muscle Shoals developments in Alabama. The impor- 
tance of navigation on the Tennessee River has been recognized for 
more than a century. In 1824: John C- Calhoun, then Secretary of 
War, recommended its improvement to President Monroe as part of 
a broad program of waterways development. 2 

In 1828 the Congress authorized surveys and estimates for a canal 
and locks around Muscle Shoals, and in 1831 construction was begun 
by the State of Alabama with funds realized from the sale of 400,000 
acres of land donated by the Federal Government for that purpose. 
A lateral canal with 17 small locks, constructed throughout the length 
of Muscle Shoals, was opened to navigation in 1834. In 1871 the 
Congress approved the construction of a larger Muscle Shoals Canal, 
and in 1890 provided for further improvement in the Colbert Shoals 
section by a lock and a canal with width of 112 feet and depth of 
7 feet. 

Navigation was the only problem the Tennessee River presented 
for solution by the Federal G-overnment between 1826 and 1899. In 
1899, however, the Congress gave approval to the Muscle Shoals 
Power Co. for constructing a canal and power station at Muscle 
Shoals. The company never took advantage of that authorization 
although the time for beginning the proj ect was successively extended 
by three later acts. 

In 1903, the same year in which this last extension of time was 
given, the Congress passed a bill granting a franchise to ^ another 

f ;roup. This bill received an unexpected veto, the first of its kind, 
rom President Theodore Roosevelt. In vetoing this bill he expressed 
his belief that the Government should develop the water power as a 

E art of its navigation improvement and that no private license should 
e granted except on the payment to the public for the use of any 
water-power rights conferred. His veto message stated, in part, 
that: 

Tlie recent development of the application of water power to the production 
of electricity available for use at considerable distances has revealed an element 
of substantial value in streams which the Government is or is liable to be 
called upon to improve for purposes of navigation, and this value, in my judg- 
ment, should be properly utilized to defray the cost of the improvement. 

Power, only one of the many phases of water control which enter 
into the complete picture, bears a special relation to the others. 


2 Eighth Annual Message of President James Monroe. 
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Power rights, being valuable, have been coveted by private interests, 
and their utilization by the Government has been bitterly attacked. 

President Theodore Roosevelt’s views on this subject were shared 
by his successor, President Taft, in his veto of a bill for the private 
construction of a dam on the Coosa River in Alabama in 1012. The 
wisdom and the right of the Government to pursue this course was 
endorsed by other leading public men of the day. Elihu Root, in a 
Senate debate in 1913, urged that the Government avail itself — 

* * * of this new discovery by which a stream can be made to improve itself, 

by which a stream can be made to pay the expense of fitting itself for naviga- 
tion, * * *. 

These views represented the logical application of principles enun- 
ciated in earlier opinions 3 of the Supreme Court. The right of the 
Federal Government to use and dispose of the power created at Gov- 
ernment projects was upheld as an inevitable attribute of its full and 
complete navigation power. In upholding the disposition of the 
water power by the Government, the Supreme Court further pointed 
out that the Government might thus reimburse itself for the expense 
of the improvement, and this decision has been reaffirmed several 
times. 

Moreover, the Court has refused to recognize the existence of vested 
rights which would make the expense of Government improvements 
prohibitive. In the Chandler -Dunbar condemnation case in 1913 it 
established principles to prevent such a barrier to public development. 
The Court denied the contention that there could be any private 
ownership of the water or the power in a navigable stream as against 
the Federal Government. This court decision may be considered as 
having a direct bearing upon the Norris project. The Clinch River, 
both above and below the Norris Dam site, has been considered a navi- 
gable stream for more than 100 years. Provisions have been made for 
the possible future building of a chute through the dam for passing 
coal — the stream’s principal prospective tonnage. 

President Theodore Roosevelt’s Conservation Commission recom- 
mended in 1909 a comprehensive and unified development of our 
rivers : 

Broad plans should he adopted providing for a system of waterway improve- 
ment extending to all uses of the waters and benefits to be derived from their 
control, including the clarification of the water and abatement of floods for 
the benefit of navigation; the extension of irrigation; the development and ap- 
plication of power ; the prevention of soil wash ; the purification of streams for 
water supply; and the drainage and utilization of the waters of swamp and 
overflow lands. 

The National Waterways Commission, created by the Congress in 
1912, forecast that the Federal Government must inevitably under- 
take the unified development of river systems by means of multi- 
purpose projects. 

In 1907 the Secretary of War appointed a special board of engi- 
neers to examine the Muscle Shoals section ‘Svith a view to per- 
mitting the improvement of the above-described stretch of said river 
by private or corporate agency in conjunction with the development 

' * Kaujcauna Water Co. v. Green Bay and, Miss. Canal Co.. 142 TJ. S. 254. 273 et seq. ; 

Green Bay and. Miss. Canal Co. v. Patten Paper Co., 172 TJ. S. 58, SI (1898), rehearing 
denied, 173 U. S. 179 (1899). 
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of water power by means of not more than tliree locks and dams”. 
This survey was the first to be undertaken by the Government in 
contemplation of a combination water power and navigation de- 
velopment in the Muscle Shoals section. It was made at that time 
because a bill had been introduced to permit the Muscle Shoals 
Hydro-electric Power Co. to erect three dams at Muscle Shoals for 
the generation of hydroelectric power and the improvement of navi- 
gation, with the expenditure to be divided between the company and 
the Federal Government. 

This board of engineers submitted a report 4 in 1908 which dis- 
approved the plans proposed by the power company on the ground 
that they were not sufficiently satisfactory from the viewpoint of 
navigation or in consideration of the investment which the company 
proposed to make. Navigation was still the decisive factor insofar 
as the interest of the Federal Government was concerned, but water 
power as an issue had come to stay. 

The offer was re-examined and again rejected 5 by the special board 
in 1909, but in 1914 the Chief of Engineers recommended 6 that a 
later bid of the power company for making the proposed improve- 
ments should be accepted with certain reservations. This offer was 
judged to be more generous than the earlier proposal, and in addi- 
tion the Board of Engineers took into consideration the public de- 
mand that the water power resources of the country should be more 
fully utilized. 

A congressional committee requested additional information before 
making a final decision on the proposal and again the Board of 
Engineers conducted a re-examination and resurvey and in June 1916 
concurred 7 in previous recommendations that the Government should 
enter into a plan of development with the power company whereby 
'‘this serious obstruction to navigation on the Tennessee River will 
be overcome and at the same time one of the great natural resources 
of the country will be conserved”. 

The issues raised by this proposal were never settled, for with the 
report came a recommendation that all negotiations should be 
suspended as “the board invites attention to the provisions contained 
in section 124 of the Act to Increase the Efficiency of the Military 
Establishment of the United States, approved June 3, 1916, respect- 
ing the establishment of nitrate plants to supply Government needs 
in the manufacture of explosives for military uses”. Under this act 
the President was authorized to select a site and choose a method for 
the production of nitrates essential for munitions of war and useful 
in the manufacture of fertilizer and other products in time of peace. 
President Wilson chose the Muscle Shoals site in September 1917. 

The War Department was assigned the task of carrying out the 
construction program. The entire plans for power development in- 
cluded the construction of three dams with locks for navigation and 
power stations for the generation of electricity at two of them- Be- 
fore Wilson Dam was completed, the World War had ended and work 
thereafter was continued intermittently, being interrupted twice by 


* H. Doc. No. 781, 60th Cong., 1st sess. 

s H. Doc. No. 14, Committee on Rivers and Harbors, 60th Cong., 2d sess. 
c H. Doc. No. 20, Committee on Rivers and Harbors, 63d Cong., 2d sess. 
7 H. Doc. No. 1262, 64th Cong., 1st sess. 
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the failure, of the Congress to appropriate funds. It was finally com- 
pleted during the latter part of 1925. The construction of Lock and 
Dam No. 1, a small navigation project 2,55 miles downstream from 
Wilson, was authorized by the Congress in 1925 and was completed 
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Figure 2. — Water-control projects in the Tennessee Valley — A comparison of principal 

features. 


shortly afterward. Construction work on the lock for Dam No. 3 
(Wheeler) was not started until January 1933. 

Wilson Dam, as a power project, was seriously handicapped by the 
exceedingly variable flow of the river, whose maximum recorded 
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flow of 444,000 cubic feet per second 'was approximately 100 times the 
recorded minimum. Having only limited storage capacity, it offered 
very little assistance to navigation except within its own locks and 
reservoir, and during lo w- water ^ season even the smaller commercial 
boats experienced considerable difficulty in reaching the Wilson locks 
from points downstream. 

It immediately became evident that the Tennessee River should be 
more effectively regulated to conserve the water resources of the 
basin, to improve navigation both above and below Wilson, and to 
provide some appreciable measure of flood control. Upstream stor- 
age projects appeared to be necessary for any complete solution of 
the problem. 

EVOLUTION OF THE NORRIS PROJECT 

The rise of the idea of a coordinated plan for the development of 
the Tennessee River projects inevitably tied the Cove Creek (Norris) 
project with the Muscle Shoals properties and any other projects 
developed on the main river. 

The Clinch Basin seemed to offer excellent opportunities for con- 
struction. of large storage projects. As early as 1911 the present 
site of Norris Dam was investigated 8 by power interests. The first 
study 9 of the river and its tributaries with the idea of the coordi- 
nated development of these possibilities was presented in 1918 in a 
paper 10 of the Tennessee State Geological Survey. A similar study 
was included in a preliminary report 11 submitted by the United 
States Army Engineers in 1922. These studies recommended a num- 
ber of dam sites, among them one on the Clinch River at approxi- 
mately the present location of Norris Dam and known at that time 
as the Cove Creek site. 

At the time of the creation of the Tennessee Valley Authority, 
several reservoirs existed in the Tennessee Valley above Wilson Dam. 
The Tennessee Electric Power Co. operated Hales Bar Dam and 
powerhouse which had been built between 1905 and 1913 on the 
Tennessee River just below Chattanooga, and by 1930 had completed 
a three-dam development on the Ocoee-Toccoa River, an upstream 
tributary. The Aluminum Co. of America had obtained develop- 
ment rights on the Little Tennessee River system as early as 1910, 
and by 1930 had constructed three dams and had planned ultimate 
construction of two or three additional ones. In 1030 the Carolina 
Power Co. had completed the Waterville project on the Big Pigeon 
River, a tributary of the French Broad River. Numerous other 
smaller water-power plants had also been completed by private 
interests. Further preliminary power studies had been conducted by 
private power companies on the possible hydroelectric development of 
the French Broad, Holston, and Clinch Rivers. 

Several applications were filed by private corporations with the 
Federal Power Commission for permits to construct dams on the 
Clinch Riven The annual reports of the Commission contain refer- 


8 Jones, Barton M., Design of Norris Dam and Powerhouse, Civil Engineering, April 1935. 

9 Hearings before House Committee on Military Affairs, January 25— February 1, 1937, 
p. 447. 

10 Switzer, J. A., Bulletin No. 20. Tennessee State Geological Survey. 

m H. Doc. No. 319, 67tb Cong., 2d sess. 
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ences to the following applications pertaining to Clinch River de- 
velopments : 12 


Tennessee Hydro-electric Co 

Knoxville Power & Light Co 

Tennessee Electric Power Co 

Knoxville Power & Light Co 

East Tennessee Development Co 
Union Carbide Co 
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or 
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In proposals for the purchase of the Muscle Shoals properties from 
the United States, provisions were made by the Union Carbide Co. 
and others for the building of a dam at the Cove Creek site to increase 
the minimum flow in the main river and thus increase the primary 
power at Wilson and other downstream power plants. The eastern 
Tennessee power interests, which favored development of the Ten- 
nessee River system by local power companies, offered many objec- 
tions 13 to the Union Carbide Co. proposals. Their principal 
objection was that this company was interested in the Cove Creek 
project only because of its effect' on the Wilson plant and a proposed 
plant above Wilson whereas they were interested in developing the 
Clinch and other tributary rivers in a more local and independent 
manner. 

As early as 1922, the outstanding importance of the Cove Creek 
Dam as a flood-control measure was emphasized, particularly by 
Senator Morris, who stated that — 

If the improvement contemplated by this bill were made, we would have the 
maximum amount of electric energy developed on the Tennessee River at the 
minimum cost, and it would follow that by the storage of the floodwaters we 
would automatically assist to a great extent in lessening the danger of over- 
flow on the Ohio or the Mississippi. It is one of the incidents that goes with 
the systematic improvement of any navigable stream. All these "beneficial 
objects interlock and work together for the development of iiower, the improve- 
ment of navigation, and the avoidance of damage by overflow. In this way 
we are getting every possible benefit that can come through improvement 

Pursuant to the River and Harbor Acts of 1922 and 1925, the Army 
Engineers made an extensive study of the navigation, flood control, 
and hydroelectric possibilities of the Tennessee River system in 1926’ 
In the report 14 submitted^ specific mention of the Cove Creek Reser- 
voir was made and an estimate of its probable cost was given. This 
preliminary report was followed in 1928 by the more detailed “Report 
on Cove Creek Dam site and recommendation for design of dam, 
powerhouse, barge lift, and spillway 55 . 15 

During the Sixty-ninth Congress, Second Session, 1926-27, the 
proposed Cove Creek Dam figured in four measures. The first. 
Senate Joint Resolution 167, presented by Senator McNary, provided 
for completion of the survey of the dam and reservoir on the Clinch 


13 See Annual Reports, Federal Power Commission. 

* 1S * Co ^ lin l tte e on Agriculture and .Forestry, 69th Cong., 1st sess., Senate. Hearings 

* * sus P &I i d Du-rlsdiction of the Federal Power Commission to issue license on 
Tennessee River watershed. January 11, IS, 19, 1926. 

14 H. Doc. No. 463, 69th Cong., 1st sess. 

15 H. Doc. No. 185, 70th Cong., 1st sess. 
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River. It was referred to the Committee on Commerce on February 
19, 1927, and died on the calendar. There was also notice of a pro- 
posed motion in the Senate to suspend rules and offer an amendment 
to the second deficiency appropriation bill (H. R. 17291) providing 
an appropriation for investigations with respect to the proposed 
Cove Creek Dam. The two measures which stimulated more discus- 
sion and research than any others during this Congress were H. R. 
16396 and H. R. 16614. The first of the two was a bill providing for, 
among other things, the completion and maintenance of the Muscle 
Shoals program; the other authorized the Secretary of War to lease 
Muscle Shoals properties, as well as points on the Clinch River, to 
Air Nitrates Corporation and American Cynamid Co. Hearings 
were held on these two bills covering four volumes of 2,871 pages, 
of which more than 88 pages, involving in excess of 46 separately 
indexed references, were concerned with Cove Creek Dam. In re- 
porting on the two bills, it was proposed that the Secretary of War 
be requested to allot funds for a preliminary survey of the Cove 
Creek project. This session of Congress adjourned without enact- 
ment of the measures. 

The first bill to authorize actual construction of the Cove Creek 
Dam by name was the Muscle Shoals bill of the Seventieth Congress, 
First Session. It was Senate J oint Resolution 46, presented Decem- 
ber 5, 1927, and was a slight modification of the one introduced in 
the previous session. The bill appropriated two million dollars to 
begin dam construction during the fiscal year 1929 and stipulated 
that it be built by Army Engineers and controlled by the Muscle 
Shoals Corporation. After a series of debates, conferences, and 
reports, 16 it was finally pocket-vetoed 17 by President Coolidge. 

The flood-control and navigation aspects of the Cove Creek project 
were coming into increased importance. With reference to Cove 
Creek Dam Senate Report 19 on Senate Joint Resolution 49, Seventy- 
first Congress, First Session, pages 10-12, states : 

* * * under no circumstances should the Government ever permit, a private 

corporation to build this dam (Norris) for the purpose of generating power. 
If it is used solely as a power-development proposition, its value in flood control 
and navigation will be completely destroyed. If a private corporation should 
build this dam, it would permit the reservoir to fill with water and remain full, 
so that it could, get the entire amount of fall from the regular flow of the 
stream. When the floodwaters come, they would go over the dam and do their 
work of destruction just the same as though the dam. were not there. Instead 
of regulating the Tennessee River for navigation purposes, such a dam, operated 
for power exclusively, would not increase the flow of the Tennessee in low water 
and not decrease it in high water. On the other hand, if it were operated 
as a flood-control and navigation proposition, the reservoir would be emptied 
once every year. Its waters would be used to increase the flow of the Ten- 
nessee when more water was desired, and the waters would be held hack when 
the Tennessee was high and when additional water would do damage rather 
than bring benefits. 

On March 15, 1930, the Chief of Engineers submitted a report 18 
on the Tennessee River and tributaries, covering navigation, flood 
control, and power development. Recommendations and cost esti- 


18 Congressional Record, Vol. 69, pp. 4635-4636, 9341-9344, 9696, 9704, 9842, 9957. See 
also S. Rept. No. 228, 70th Cong., 1st sess. 

17 The effectiveness of a pocket veto at the close of the first session of a Congress was 
upheld in Okanogan, Indians v. United States , 279 TJ. S. 655 (1929). 

18 H. Doc. No. 328, 71st Cong., 2d sess. 
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mates for the Cove ^Creek project, based on investigations that in- 
cluded a geologic examination of the dam site^ and preliminary 
surveys of land values in the reservoir area, were included in detail. 

In the Seventy-first Congress, Second Session, Senator Norris pre- 
sented Senate Joint [Resolution 49, the same bill vetoed by President 
Coolidge, with the modification that the State of Tennessee should 
receive 5 percent of the revenue from sale of power at Cove Creek 
Dam when completed. It was adopted by the Senate in April 1930 
but rejected by the House which substituted H. R. 11585 
providing for lease to private companies and construction of the dam 
by “holding company or otherwise”. After a series of hearings and 
reports, 19 the two bills went to conference and the Congress adjourned 
on July 3, 1930, with no report having been made to either house. 

Another compromise bill providing for the Cove Creek project was 
agreed upon after much deliberation by the Seventy-first Congress, 
Third Session. In conference it was finally decided to let the provi- 
sions of the Norris bill (S. J. Res. 49) remain with respect to 
power; but with respect to fertilizer it was modified so as to give 
the President authority to lease the nitrate facilities for production 
of nitrates and fertilizers. The report was adopted hut the measure 
vetoed 20 by President Hoover on March 3, 1931. A favorable vote on 
the vetoed measure was not sufficiently large to make it law. 

President Hoover presented to the Seventy- second Congress, First 
Session, the recommendation 'of the Muscle Shoals Commission, a 
document which included in its provisions the construction of the 
Cove Creek Dam by the Government for purposes of “navigation, 
flood control, and incidental power development”. 21 Several Muscle 
Shoals bills were introduced in the House during the same session. 
The most ^ important bill was H. R. 11051, the Hill bill, 
which provided for the construction of the Cove Creek Dam if the 
added power to be gained thereby should be found necessary for the 
making of fertilizers. The bill passed the House on May 5, 1932, 
and was sent to the Senate Committee on Agriculture and Forestry 
where it died with the Seventy-second Congress. The House debates 
during this session, featuring prominently the Cove Creek Dam issue, 
the Norrisbill in the Senate, and the Bankhead bill in the Senate, 
are all of interest to those who wish the complete story of the Cove 
Creek Dam legislation. Senator Norris’ bill was identical with the 
Hill leasing bill (H. R. 11051) and was reported favorably in the 
Senate but died in conference. Senator Bankhead’s bill was a sub- 
stitute for the Norris measure involving the lease of Muscle Shoals, 
but it did not come up for action. 

_ On April 10, 1933 ? shortly after his inauguration, President Frank- 
lin D. Roosevelt delivered the following message to Congress : 

The continued idleness of a great national investment in the Tennessee Valley 
leads me to ask the Congress for legislation necessary to enlist this project in 
the service of the people. 

» Congressional Record Vol. 72, pp. 6399, 6494, 9767, 71st Cong., 2d sess. See also 
H. Kept. No. 1430, 71st Cong., 2d sess. 

^ S. Poe. 321, 71st Cong., 3d sess, 

,_ ai It is interesting to note that this commission appointed by President Hoover used 
the phrase “incidental power”. The Authority’s use of this phrase to describe its power 
operations has been criticized by the utilities who have contended that power operation 
is the chief purpose of the Authority and not an “incidental product”. 
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It is clear that the Muscle Shoals development is but a small part of the po- 
tential public usefulness of the entire Tennessee River. Such use, if envisioned 
in its entirety, transcends mere power development : it enters the wide fields of 
flood control, soil erosion, afforestation, elimination from agricultural use of 
marginal lands, and distribution and diversification of industry. In short, this 
power development of war days leads logically to national planning for a com- 
plete river watershed involving many States and the future lives and welfare 
of millions. It touches and gives life to all forms of human concerns. 

I, therefore, suggest to the Congress legislation to create a Tennessee Valley 
Authority — a corporation clothed with the power of Government but possessed of 
the flexibility and initiative of a private enterprise. It should he charged with 
the broadest duty of planning for the proper use, conservation, and development 
of the natural resources of the Tennessee River drainage basin and its adjoining 
territory for the general social and economic welfare of the Nation. This 
authority should also be clothed with the necessary power to carry these plans 
into effect. Its duty should be the rehabilitation of the Muscle Shoals develop- 
ment and the coordination of it with the wider plan. 

Many hard lessons have taught us the human w’aste that results from lack of 
planning. Here and there a few wise cities and couuties have looked ahead 
and planned. But our Nation has “just grown.” It is time to extend planning 
to a wider field, in this instance comprehending in one great project many 
States directly concerned with the basin of one of our greatest rivers. 

This in a true sense is a return to the spirit and vision of the pioneer. If we 
are successful here we can march on, step by step, in a like development of other 
great natural territorial units within our borders. 

On April 11, 1933, Senator Norris proposed a bill (S. 1272) 

* * * .to improve the navigability and to provide for the flood control of the 

Tennessee River, and to provide for reforestation 551 * * 

This bill and the numerous amendments that were offered were re- 
ferred to the Committee on Agriculture and Forestry. Also, on April 
11, Congressman McSwain offered a bill (H. E. 4859) in the House 

* * * to aid interstate commerce by navigation; to provide flood control; to 

promote the general welfare by creating the Tennessee Valley Authority ; * * * 

which was referred to the Committee on Military Affairs. On April 
24, 1933, after lengthy discussion and debate, Congressman Kankin 
introduced the Norris bill (S. 1272) in the House as H. E. 5081 which 
was also referred to the Committee on Military Affairs. 

On May 9, after much debate, the House of Eepresentatives ap- 
pointed three members to meet with conferees from the Senate to adjust 
the differences between the two houses. On May 15 this joint committee 
recommended approval of H. R. 5081 including the Senate amendment 
with slight revisions. This conference report was approved by both 
houses on May 17, 1933. On May 18, 1933, the bill was signed by the ' 
Speaker of the House, the Vice President, and the President. 

In general, the act 22 provides for : 

* * * maintaining and operating * * * properties * * * in the in- 

terest of the national defense and for agricultural and industrial development, 
and to improve navigation in the Tennessee River and to control the destructive 
flood waters in the Tennessee River and the Mississippi River Basins * * * 23 

Among the specific provisions the Tennessee Valley Authority was 
authorized : 

* * * to construct, either directly or by contract to the lowest responsible 

bidder, after due advertisement, a dam in and across Clinch River in the State of 
Tennessee, which has by long custom become known and designated as the Cove 

22 A copy of the Tennessee Valley Authority Act appears in appendix J. 

23 See sec. 1. 
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Creek Dam, together with a transmission line from Muscle Shoals, according to 
the latest and most approved designs, including powerhouse and hydroelectric 
installations and equipment, for the generation of power, in order that the 
waters of the said Clinch River may be impounded and stored above said dam 
for the purpose of increasing and regulating the flow of the Clinch River and 
the Tennessee River below, so that the maximum amount of primary power may 
be developed at Dam No. 2 and at any and all other dams below the said Cove 
Creek Dam : * * * 24 

The name of the Cove Creek project was changed to the Norris 
project by the TVA Board of Directors on July 30, 1033, in honor of 
Senator George W. Norris of Nebraska. 

Immediately after the Tennessee Valley Authority was organized, 
preparations were begun for the construction of the Norris Dam. A 
contract was completed with the United States Bureau of Reclamation 
on September 15, 1933, under which the Bureau agreed to prepare the 
detailed designs and contract drawings for the dam. Actual construc- 
tion was begun October 1, 1933. On March 4, 1936, the outlet conduit 
gates in the dam were closed and storage of water in the reservoir 
began. On June 19, 1936, the water level in the reservoir liad risen 
to elevation 1,000 above sea level, or 20 feet beloiv the level of the 
spillway crest, and the first water was released to increase the low- 
water flow in the Tennessee River for the benefit of navigation. The 
first generator at Norris Dam was put in service on July 28, 1930. 
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Chapter 2 

PROJECT INVESTIGATIONS 
PRELIMINARY STUDIES AND DESIGNS 
GENERAL CONSIDERATIONS 

Studies of available dam sites on the Clinch River for the develop- 
ment of power had been made as early as 1911. Various dam sites 
were recommended including a dam 165 feet high at the present site 
of Norris Dam supplemented by two larger dams in the upper 
reaches of the reservoir on the Clinch and Powell Rivers, respectively. 
In 1913 the United States Army Engineers undertook a survey of 
the Tennessee River and its tributaries to investigate the flood con- 
trol, navigation, and power possibilities. 

Eater navigation, flood control, and power studies of the Clinch 
and Powell Rivers made by the United States Army Engineers re- 
vealed numerous possible dam sites, and a dam at the Cove Creek 
(Norris) site, among others, was recommended in its last report. 1 

Determination of location. 

Following the reports of the Army Engineers, the Congress au- 
thorized, in the Tennessee Valley Authority Act, the construction of 
a dam at the Cove Creek site. Section 17 of the act, referring to the 
construction, reads in part as follows : 

* * * to construct, either directly or by contract to the lowest responsible 

bidder, after due advertisement, a dam in and across Clinch River in the State 
of Tennessee, which has by long custom become known and designated as the 
Cove Creek Dam. * * * 

Further power for a Governmental bureau, or the board, and direc- 
tions in regard to the use were contained in the following section : 

Sec. 18. In order to enable and empower the Secretary of War, the Secretary 
of the Interior, or the board to carry out the authority hereby conferred in the 
most economical and efficient manner, he or it is hereby authorized and 
empowered in the exercise of the powers of national defense in aid of naviga- 
tion, and in the control of the fioodwaters of the Tennessee and Mississippi 
Rivers, constituting channels of interstate commerce, to exercise the right of 
eminent domain for all purposes of this act and to condemn all lands, ease- 
ments, rights-of-way, and other area necessary in order to obtain a site for 
said Cove Creek Dam, and the flowage rights for the reservoir of water above 
said dam, * * * When said Cove Creek Dam * * * shall have been 

completed, the possession, use, and control thereof shall he entrusted to the 
corporation for use and operation in connection with the general Tennessee 
VaUey project and to promote flood control and navigation in the Tennessee 
River. 

In an amendment to the act, the Congress, in 1935, gave more spe- 
cific directions for the use of the project as follows : 

Sec. 9a. The hoard is hereby directed in the operation of any dam or reser- 
voir in its possession and control to regulate the stream flow primarily for 

1 H. Doc. No. 328, Tlst Cong., 2d sess. 

15 
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the purposes of promoting navigation and controlling floods. So far as may 
be consistent with such purposes, the board is authorized to provide and 
operate facilities for the generation of electric energy. * * * 

In the last study of the United States Army Engineers, five possi- 
ble locations were chosen at the Cove Creek site for consideration- 
three upstream and two downstream from the mouth of Cove Creek. 
Geological formations are similar at all five of the locations consid- 
ered as well as for any site from Cove Creek upstream to the mouth 



of the Powell River. Because of the advantage of additional water 
storage in the Cove Creek Y alley, choice of the sites was confined to 
the two locations downstream from Cove Creek, designated as sites 
A and B (see figure 3). Conditions at site B were somewhat un- 
certain as examination of the site by drilling was not so extensive as 
at site A. A consideration of the two sites failed to show any out- 
standing relative advantage in either, so that site A was chosen 
because of more definite information available at this point. 

Determination of controlling elevations. 

Cove Creek Dam, in the United States Army Engineers’ plan 2 for 
navigation, flood control, and power development in. the Tennessee 
River Basin, was to have a normal pool level at elevation 1,050 and a 
surcharge level at elevation 1,057. A diversion type spillway (see 
fig. 19) was provided with a crest at elevation 1,032. Ten 18- by 27- 
foot Stoney gates were to be provided at the spillway. A barge lift 


3 H. Doc. No. 328, Tlst Cong., 2d sess. 
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Avas included in the design to care for navigation on the Clinch 
Twer. The plan provided for the storage of all available run-off 
from year to year. 

The plan provided for a poorer plant with a capacity of 165,000 
kilowatts. This approached the average potential stream capacity 
for the highest periods in the highest months for 24 years, 1903 to 
1926 inclusive. In only one year, 1907, would there have been a sub- 
stantial waste of water because of the limit of capacity provided. 
The infrequency* of the periods of excess flow and their limited length 
indicated that the really economic installation for this plant as a 
unit in the ultimate power system of the general scheme was possibly 
somewhat lower than recommended above ; but as the plant was in a 
large measure designed to meet emergency requirements over a con- 
siderable period of years while the balance of the watershed was 
being developed, it was advisable that the plant should be such that it 
could, when necessary, supply something above normal economic de- 
mands for power and water. The function in the system was to be 
confined, to sustaining primary power by supplying water to down- 
stream plants as well as by its own power output. Since no sluices 
were provided in the dam, all water discharge in the reservoir would 
have been passed through the turbines or over the spillway. 

In July 1933, after the passage of the Tennessee Valley Authority 
Act, a study of the above design Avas made by an engineering con- 
sultant of the United States Army Engineers with the view of de- 
termining the most economical height for a dam at the Cove Creek 
site. This dam differed from the previous design of the United 
States Army Engineers, being intended for a broader multi-purpose 
project as specified in the act. This study revealed that within a 
range of about 40 feet no definite determination of the most econom- 
ical height of the dam was possible. Further development of navi- 

f ation and power facilities on the main river and the future power 
emand to be served would have a direct bearing on the most eco- 
nomical height of the dam. These conditions could not. be forecast 
at the time of the study Avith sufficient accuracy to determine the 
height within a 40-foot range which, in the long run, would give the 
optimum results. 

This study recommended a dam with a maximum water level at 
elevation 1,060 and with upper power pool level at elevation 1,030. 
The draw-down was to be from elevation 1,030 to 970, between which 
there was a storage of 1,760,000 acre-feet. The volume between ele- 
vation 1,030 and 1,060, 1,480,000 acre-feet, was to be reserved for the 
detention of flood peaks.^ The conclusion reached in the study was 
that the recommended height appeared to be reasonable, both from a 
geographical and economic standpoint and that it would satisfy the 
threefold purpose which the project was to serve. 

Demands for navigation were considered in the Authority’s plan 
of the Norris project in 1933. At the time of the early studies of 
the TVA, no information was available regarding the extent of the 
program which might later be authorized by the Congress. In its 
original form, the Tennessee Valley Authority Act did not spe- 
cifically provide for the complete canalization of the Tennessee Kiver 
to Knoxville, although this appeared to be a major objective in House 
Document No. 328, and in the liiver and Harbor Act of 1930. There 

155813 — 40 3 
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was a possibility that Norris Dam, together with Wilson Dam and 
a series of low dams on certain reaches of the main river, might even- 
tually constitute the entire river development. Consequently the 
Norris project had to be designed so as to contribute as much a's pos- 
sible toward increasing the low water flow of the river as well as to 
serve for flood control and power development. The amendment to 
the act in 1935 provided for the construction of dams and reservoirs 
which would provide a D-foot channel from Knoxville to the mouth 
of the river. 

In the Authority’s studies it was not found economical to provide 
for “hold-over” storage from year to year for power because of the 
increased cost of backwater protection at the higher pool elevations 
involved. This was especially true because the higher elevations 
would cause great damage to property at Caryvillo and La Follette, 
located on the reservoir. It would have been necessary also, with 
some of the higher proposed designs, to construct additional saddle 
dams at low places on the reservoir rim. The feasibility of opera- 
tion of “hold-over 55 storage on multi-purpose projects did not appear 
promising. 

The determination of the upper pool elevation was a difficult 
problem. It was necessary to obtain an economic balance between 
cost and benefits to navigation, flood control, and power develop- 
ment. In consideration of these factors, together with various re- 
lated engineering, forestry, land planning, and other problems that 
had to be considered, all previous investigations made by the various 
agencies involved in the development of the dam at this site were 
reviewed and studied in detail. This study resulted in the selection 
of elevation 1,020 for the spillway crest as the most advantageous. 
A study of available rainfall and stream flow data indicated that it 
would be possible to fill the reservoir to this elevation during all but 
exceptionally dry years, with allowance made for the release and use 
of the stored water. The dam was designed to be structurally safe 
with the reservoir level rising to elevation l,052. a The top of the 
roadway over the dam was fixed at elevation 1,061 in order to give 
ample clearance under the spillway bridge in the event of the water 
level reaching the elevation stated. Subsequent studies indicate that 
water level at elevation 1,034, the top of the spillway gates, would be 
reached rarely and that even with extremely heavy rainfall and recur- 
ring storms, the maximum level will not exceed elevation 1,047. 

The spillway capacity required to pass the most extreme flood 
flows (inflow less detention) was fixed at 200,000 cubic feet per second 
with the pool at elevation 1,047. A spillway 300 feet in length with 
the crest at elevation 1,020 will pass this flow. To make available 
the 14-foot space above the spillway crest for flood control, 100- 
by 14-foot drum gates were provided. In addition, to the spillway 
discharge of 200,000 cubic feet per second, eight outlet conduits 
were provided, having a total discharge capacity of 40,000 cubic 
feet per second (pool at elevation 1,034) for the release of flood- 
waters and to release water for navigation, flood control, and other 
draw-down purposes. The capacity of the conduits was limited to 
40,000 cubic feet per second because that was approximately the 


8 With the dense concrete secured at Norris Dam, the structure is safe from overturning 
against a theoretical reservoir level at elevation 1,060. 
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maximum flow which the Clinch River, below the dam, could nor- 
mally pass without causing substantial damage by overflow. 

1 he determination of these principal controlling elevations re- 
quired many detailed studies. It is impossible in this report to 
describe all of these and to^ furnish the preliminary data involved ; 
however, some of the more important considerations are summarized 
in later sections of this chapter. 

DETAILED DESCRIPTION OF DAM SITE 

At the dam site the river flowed in a southwesterly direction and 
had a total width between river banks of about 400 feet. Within the 
limits of the dam, the east abutment rises quite gradually, extending 



Figure 4. — Site A before construction ivas started . 


for some 1,200 feet and rising but 240 feet. It is overlain with a 
heavy overburden of clay, averaging about 60 feet in depth. The 
west abutment is ver}^ steep, extending some 270 feet while rising 
240 feet. Very little overburden exists, and the surface rock was 
exposed and badly weathered. The over-all length of the dam re- 
quired at location A was 1,860 feet. 

Geology of site. 

_ Due to the prominence with which the Cove Creek sites had been 
viewed for many years, the sites and surroundings had been examined 
by several geologists prior to the organization of the Authority. 
When the_ dam construction became certain, it was evident that a 
more detailed study was desirable, and therefore, in. the summer of 
1933, more extensive geologic work was performed under the direc- 
tion of the Authority. This new work resulted in mapping an area 
of about 80 square miles to a scale of 1 : 126,720. In this study the 
old Knox formation was arranged in six subdivisions because all 
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the reservoir problems were involved in the lithology of the Knox. 
In addition to the general areal mapping, special detailed studies 
were made of the dam foundations and abutments and of the cave and 
sink systems in the area near the dam. 



Figure 5. — General geologic formation at dam site. 


Ill the immediate vicinity of the dam the only series of rock is 
dolomite, which belongs to the lower part of the Copper Ridge forma- 
tion and is in turn the lowest part of the old Knox group. The Cop- 
per Ridge dolomites are almost exactly dolomitic so far as the per- 
centage of lime, carbonate, and magnesium carbonate are concerned. 
They contain from five to ten percent silica. The following analysis 
is of a sample taken from the quarry which was separated from the 
dam site only by a ravine : 


Silica (SKM 5.22 

Alumina (Al 2 Oa) 0.23 

Ferric Oxide (Fe 2 0 3 ) 0.40 

Lime (OaO) 29.40 

Magnesia (MgO) 20.28 

Loss on Ignition 100-1,000° G 44.31 


While silica and the proportion of the other minerals listed in the 
above sample varied somewhat from that shown, the above sample is 
representative. The silica is concentrated chiefly in beds of chert 
interspersed with thicker and more numerous beds of practically pure 
dolomite. Thickness of beds varied from a few inches to as much as 
20 feet but both of these extremes are exceptional. The normal 
or more common beds are those ranging from 6 inches to 5 feet in 
thickness. The rock exposed on the quarry face corresponds exactly 
with the series exposed from the top of the right abutment to the base 
of the dam. 

Geology near the dam. 

Since the dam site was located on the north side of the Powell River 
anticline, the normal dip of the rocks is downstream and somewhat 
into the right bank. There are minor rolls in the strata in other direc- 
tions, but the average is as indicated in figure 5. The dip rarely 
is greater than 10°, and in most cases is from 3° to 5°. 

There are unusually few faults in this particular portion of the 
region. It seems probable that the ravine lying on the west bank of 
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the river between the dam and the quarry site is the site of a fault. 
That probability is strengthened somewhat by the fact that in line 
with this ravine, on the left or east abutment, was found a rather 
continuous fracture zone, which gave rise to somewhat extensive 
vertical solution cavities. With this exception, faulting or even seri- 
ous jointing did not in any way hamper the engineering operations 
at the site chosen. 

Condition of foundation rock. 

Sound rock was encountered almost immediately below the river bed, 
and there were surprisingly few solution effects of any sort visible 
across the foundation. 

Condition, of abutments. 

The soundness of the foundation of the dam contrasts sharply with 
the condition of both the right and left abutments. The right abut- 
ment is of essentially sound rock but is pierced at frequent intervals 
by vertical solution channels and horizontal caves. On the left abut- 
ment conditions were more serious. Here, the weathering had gone 
so far that the old cave systems were practically destroyed and de- 
cayed rock was found in many places almost down to the present 
river level. 

River history and cave levels. 

From the very outset it was obvious that there could be no real 
understanding and no real interpretation of drill records unless some 
tentative hypothesis as to the later geological history of the Tennes- 
see River Basin was determined. Beginning with such an hypothesis, 
checking it by the actual results obtained in the very extensive drill- 
ing operations and modifying it as necessary, a rather complete 
history of the later stages of the Tennessee River drainage system 
was obtained. 

The Cretaceous and early Tertiary history of the region furnishes 
a background for later developments, but the real interest in the 
problem does not date beyond the Pleistocene and late Tertiary. For 
this reason it may he pointed out that the pre-Tennessee drainage 
system, whatever it may have been, does not seriously- enter into the 
geologic field work of the dam site. 

All the work in engineering geology at the site is concerned with 
the very latest Tertiary and the whole Pleistocene ages. The reason 
for this engineering interest in late geologic history is that the earth 
movements in any region affect the depth to which weathering, solu- 
tion, and caves are likely to occur. Under normal conditions, ex- 
cluding artesian and other special conditions, even limestone rock 
cannot be seriously attacked by water below the level of a nearby 
stream valley. If, therefore, the land did not change in elevation, 
weathering, caves, and other solution effects would be expected to 
cease at a very short depth below the bed of the present major stream 
of the region — -in this case, the Clinch River. If, .on the other 
hand, land had at one time been elevated much above the present 
level, the weathering of that period would have been extended to 
depths far below present stream levels. 
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There seems to be conclusive evidence that there has been a series 
of uplifts of the land with practically no depression. The evi- 
dence for this lies in the existence of several distinct, series of cave 
levels all over the region. Where best developed, there are about 
three distinct series of caves located at elevations approximately 100 
feet apart. Each of these cave levels marks a point at which the 
river stood for a long* time in its history — long enough to develop 
a cave series leading into the river at that, level. After each of these 
cave forming periods, the land rose again approximately 100 feet, 
and a new series of caves with associated underground drainage was 
developed to fit the new liver level. This has happened at least 
three times in the region. The present era constitutes a fourth 
period and in the course of thousands of years a new cave system 
will probably develop at about the present level of the river. ' 

The cave series are best shown on the right, or west, abutment 
where they involved considerable engineering work. The caves are 
all in the purer, and therefore the more soluble limestone beds of 
the series. Water passes the chert beds through vertical cracks, but 
cannot dissolve the chert sufficiently to form caves in it. Each 
cave series, therefore, consists of a practically horizontal cave dis- 
solved out of the rather pure limestone and connected with the sur- 
face, or with an upper cave level, by a number of narrow vertical 
channels or cracks. 

Necessity of foundation, treatment. 

Preliminary core borings, made prior to actual construction and 
during the early part of the excavation period, indicated that some 
foundation, treatment would be necessary. In the main foundation 
area it was found that the seams between the horizontal bedding 
planes, while not very wide, were filled with clay and other residual 
material which was sufficiently porous to permit leakage of water 
underneath the structure. It was therefore decided that these seams 
should be washed free of this foreign material and thereafter grouted. 
At other points in the foundation, grouting was carried on not as a 
matter of actual necessity, but rather to remove possible uncertain- 
ties. As a sharp contrast to the soundness of the foundation of the 
dam itself, the abutment areas were pierced at frequent intervals by 
the vertical solution channels and horizontal caves previously men- 
tioned. In the right abutment these required extensive treatment. 
This treatment was to be accomplished by blocking the caves with 
concrete and by grouting both the caves and channels through drill 
holes. On the left abutment, conditions were more simple but also 
much more serious. A core wall was constructed in the earth embank- 
ment. Existing channels and caves were concreted and grouted as a 
separate operation. 

Table 1 . — Results of tests on 4%-inch diameter drill cores from Norris Dam foundation 


Dry* state : 

Ultimate compressive stress, pounds per square inch 29, 300 

Modulus of elasticity : 

3,000 pounds per square inch 5, 400, 000 

10,000 pounds per square inch 7, 500, 000 



PROJECT INVESTIGATIONS 23 

Table 1 . — Results of tests on 4%-inch diameter drill cores from Morris Dam foundation — 


Continued 

Dry state — Continued. 

Poisson’s ratio: 

3,000 pounds per square inch 0.11 

10,000 pounds per square inch 0. IS 

Specific gravity 2. 76 

Soaked 25 days : 

Ultimate compressive stress, pounds per square inch 26, 550 

Modulus of elasticity : 

3,000 pounds per square inch 4, 100, 000 

10,000 pounds per square inch 6, 600, 000 

Poisson’s ratio: 

3,000 pounds per square inch 0. 09 

10,000 pounds per square inch 0.16 

Percent absorption by weight 0. 52 

Under 690-foot head for 7 days : 

Ultimate compressive strength, pounds per square inch 27, 700 

Modulus of elasticity : 

3,000 pounds per square inch 4, 500, 000 

10,000 pounds per square inch 6, 900, 000 

Poisson’s ratio: 

3,000 pounds per square inch 0. 12 

10,000 pounds per square inch 0.17 

Percent absorption by weight 0. 40 


Test on foundation rock. 

Shot drill cores, 4% inches and 17 inches in diameter, were taken 
from the rock approximately at right angles to the bedding planes 
to determine the physical characteristics of the foundation rock. 
Determinations were made of specific gravity, absorption, saturation 
under high hydrostatic head, elasticity, and compressive strength. 
The results of these tests 4 as well as a comparison with test results 
on rock from other dam foundations are given in tables 1 and 2. 
From the results and comparisons of the tests it was found that both 
the compressive strength and the elastic values were sufficiently high 
to indicate that the foundation rock for the dam was adequate to 
withstand the normal pressures to which it might he subjected. 


Table 2. — Comparison of test results — -foundation rock , Norris , Boulder 9 and Grand 

Coulee Dams 



Boulder 

Grand Coulee 

Norris 


Breccia. 

Granite 

Dolomite. 

4% x 8 S 4. 

15. 

37,100. 

17,200. 

28,150. 

7.2 x 10.® 

3.4 x 10.® 

5.4 x 10. 8 

0.14. 

0.06. 

0.11. 

1 3,000. 

Size of core, inches - 

4% 

4% x 9V£ 

Number of cores tested - 

10 

24 

Ultimate compression stress, pounds per square inch: 

22,100 

29,700 


9,260 

5,280 ! 


15,920 

15,500 

Modulus of Elasticity, pounds per square inch: 

Maximum 

7.5 x 10 8 

7.6 x 10 » 

Minimum. _ __ 

4.9 x 10 8 

0.6 X 10 8 

Averaere _ _ _ _ _ 

6.0 x 10 6 

3.1 x 10® 

Poisson’s Ratio, pounds per square inch: 

Maximum 

Minimum 

Average. 

Stress in pounds per square inch of secant elastic 
values 

0.38 

0.19 

0.24 

2,000 to 3,000 

0.21 

0.O7 

0.13 

j 1,000 to 2, 800 



* U. S- Bureau of Reclamation Technical Memorandum No. 481. 
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COLLECTION OF DATA 

Rainfall data. 

The watershed of the reservoir contains 2,912 square miles, most of 
which is in the form of steep-sided, narrow valleys. At the outset 
of the project there were but four United States Weather Bureau rain 
gages in the area and a few nearby in adjoining watersheds. The 
Authority has established additional daily rain gages and several 
recording gages, so located that the integrated rainfall over the entire 
drainage area can be accurately computed. 

The gages are located at intervals of about 15 or 20 miles, some 
being placed at high altitudes and others in river valleys. In all 
cases consideration was given to the location of the gage with respect 
to topography in order to obtain representative data. These gages 
were of substantial use in predicting floods during the construction 
period and will be of continued use in furnishing hydrological data 
for water control operations. The information tin is obtained is com- 
piled in the form of daily, monthly, and annual totals for the individual 
stations; isohyetal maps of the area are prepared for monthly pe- 
riods or for the more important individual storms. 

While many of the United States Weather Bureau stations have 
continuous records of rainfall extending over periods of CO years or 
more, it was desired to obtain records covering a longer time. Den- 
drochronological studies were therefore made" upon samples from a 
number of trees in the Clinch-Powell area. This study, involving the 
measurement of about 40,000 tree rings, resulted in a tree-growth 
curve extending over a period of approximately 300 years. The com- 
parison of this curve with available rainfall records indicates that 
the correlation between the two is close. 

Flood investigations. 

A knowledge of past flood history is necessary to a flood control 
project to determine spillway discharge and storage capacity for 
future floods and to develop schedules for operating the reservoir. 
Inquiries and investigations of old high water marks were initiated 
by the United States Army Engineers at the time of the original 
survey for the proposed Cove Creek Dam. These have been carried 
on by the Authority to the extent that high water marks have been 
obtained for different floods from 1826 to date. 

Flood Control, Navigation, and Power Studies 
The Clinch River Basin. 

The Clinch River above the dam, draining an area of 2,912 square 
miles, has a length of nearly 300 miles, more than half of which is 
within the State of Virginia. Its main tributary, the Powell River, 
has a length of about 180 miles and a drainage area of 988 square 
miles. The Clinch River flows between ridges from the northeast to 
the southwest and the valley has a maximum width of about 15 
miles. The Powell River occupies a narrow basin parallel to that 
of the Clinch River and also flows between mountain ridges for prac- 
tically its entire length. 
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The rugged topography and steep slopes favor a quick run-off. 
The elongated shape of the basin, however, tends to delay the con- 
centration of flood flows. The area is within a limestone region in 
which caves and sinkholes are common, and solution channels in the 
limestone provide for underground flow. In some cases these under- 
ground channels return to the surface and contribute to the surface 
water flows. The average rainfall computed for a 30-year period is 
about 48.5 inches, ranging from about 40 inches at the headwaters in 
Virginia to 52 inches at the dam. 



Importance of flood control. 

Damaging floods are more serious and of much more frequent 
occurrence in the upper Tennessee Basin than in the lower basin. 
The city that has suffered most from floods is Chattanooga, located 
at the dividing point between the upper and lower basins. The flood 
stage at Chattanooga has been exceeded over 50 times in the TO years 
for which records are available. Although past damage has been 
very severe, the larger floods occurred when the city was very small 
in comparison with the present population. A repetition of the flood 
of 1867, the largest on record hut not the largest that could be ex- 
pected, would be disastrous to the city, affecting practically all its in- 
dustrial area, the more important business area, as well as a large part 
of its residential area. Railroad communication and highway com- 
munication would be cut off, and a serious loss of life might be involved 
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The area covered by the present city of Dayton, Tenn., was nearly 
submerged in the 1867 flood, and other communities along the river 
would have been substantially damaged if they had existed at that 
time. The Clinch River influences the Tennessee River flow at all 
points below Kingston. 

Although the drainage area above the dam is very small in com- 
parison with the Ohio River drainage area at Cairo, t he Clinch River 
flows have not been without influence on the flood crests at Cairo. 



Figure 7 . — Area of flooding ]at] [^Chattanooga in the 1867 flood . 

A flow of 30,000 cubic feet per second at Clinton has not been a rare 
occurrence. Such a flow at the crest of the higher floods at Cairo 
accounts for about 6 inches of the flood stage. This difference is of 
substantial importance in cases when it was necessary to increase the 
margin of safety in the flood wall at Cairo. The flood of January 
and February 1937, which occurred after Norris was completed and 
in operation, showed the value of even small reductions in flood 
stages at this point. 
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Past floods. 

An indication of the magnitude and occurrence of past floods on 
the Clinch River and on the Tennessee River is given in table 3. 


Table 3. — Number of times that stated river stages have been exceeded at Clinton and 

Chattanooga 


Stage, feet 

Clinch River 
at Clinton 
(flood stage 

25 feet), 

1885 to 1903 ! 

Tennessee 
River at 
Chattanooga 
(flood stage 

30 feet), 

1867 to 1936 


42 


3D 

35 

55 

35 

5 

29 

40 

1 

9 

45 

1 

4 

50 


3 





Note. — S tage records are incomplete at Clinton between 1885 and 1897, and at Chattanooga between 
1867 and 1875. 

Although the population in the valley was small in 1867 and even 
Chattanooga had only about 5,000 inhabitants, the newspapers of the 
day report a great disaster involving loss of life and much suffering. 
The area of flooding at Chattanooga in that flood is shown on figure 
7 ; the depth of flooding exceeded 25 feet over a substantial area. 



I860 1870 1880 1890 1900 1910 1920 1930 1940 

Figure 8 . — Occurrence of floods at Chattanooga and the population growth curve. 


The occurrence of the principal floods at Chattanooga and the 
population curve, according to the United States Census, are shown 
in figure 8. It will be noticed that the floods of 1875, 1886, and 1917, 
the last mentioned reaching a stage of 47.7 feet, were successively 
lower in stage. There is no apparent reason for this progressive 
decrease in the magnitude of successive floods. Changes have oc- 
curred in the river basin, but these have been such as to cause, accord- 
ing to popular belief, an increase rather than a decrease in flood 
magnitude and frequency. 
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Contribution of Clinch River to Chattanooga hoods .' 15 

Tlie Tennessee River at Chattanooga lias a drainage area of 21,400 
square miles, which includes the basins of the five main tributaries: 
the Clinch, Holston, French Broad, Little Tennessee, and Hiwassee 
Rivers. The drainage area for the Clinch River above Norris Dam 
is about 14 percent of that of the Tennessee River above Chattanooga, 
but the Clinch’s contribution to Chattanooga floods has been gen- 
erally a larger percentage of the peak flow. A comparison of flood 
peaks at Clinton on the Clinch River with those on the Tennessee at 
Chattanooga is shown in figure 9. 




[Figure 9- — Comparison of flood peaks at Clinton and Chattanooga. 

Table 4. — Contribution of Clinch River to Tennessee River floods at Chattanooga 



Tennessee River at 
, Chattanooga 

Clinch River 
at Clinton, 

' Date 

Discharge, 

' cubic feet 
per second 

Stage, 

feot 

discharge 
cubic feet 
per second 

Apr. 3, 1886 

391.000 

294.000 

264.000 

276.000 

261.000 
• 274,000 

279.000 

341. 000 

289. 000 

298.000 

240.000 

62.2 
42.6 
as 9 

91,000 
69 000 

Mar. 2, 1890 

Mar. 11, 1891. 

34! 000 
76 800 

Apr. 5, 1896 

4o!s 

38.6 
40.2 
40.8 

47.7 

42.7 

43.6 

37.6 

Deb. 9, 1899 

46 700 

Mar. 22, 1899 

24 000 

Jan. 2, 1902 

54* 000 

Mar. 7, 1917 

An’ 

Teb. 1, 1918 

UU| OUu 

64, 400 
21, 000 
20, 600 

Apr. 5, 1920 

Dec. 31, 1932 



The flow given for the Clinch River is the estimated flow from this stream reaching Chattanooga at the 
time of the crest. * 


«The Chattanooga flood problem is discussed in detail in H. Doc. No. 91, 76tb Cone.. 

It 
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Table 4 shows the estii _ ar for the 

period during which reco,. — „^«xaame. 

It may be noticed that in the 1886 flood, the third in magnitude 
at Chattanooga, there was a very heavy contribution from the Clinch 
River. No information is available as to the flow contributed in the 
larger previous floods of 1867 and 1875. The Clinch River in 1886 
reached a stage 20 feet above flood stage. 



Control of the Clinch River at Norris Dam is important not only 
because of the substantial flows the river contributes but also because 
the time of travel is such that the peak of the flood wave on the 
Clinch River reaches Chattanooga near the time of the peak at that 
city. It is estimated that if the flood flow of the Clinch River had been 
withheld at the time of the Tennessee River peak, the Chattanooga 
stage in the 1886 flood would have been reduced from 52.2 feet to 
43.8 feet. In the flood of 1917, the fourth flood in order of magni- 
tude, the stage would have been reduced from 47.7 feet to 41.8 feet. 

Intense rainfall storms. 

Although extreme local storms have in a few cases caused a mod- 
erate rise above flood stage in the river at Chattanooga, all the large 
floods at that city have been caused by general storms covering prac- 
tically the entire basin. The storms which have produced heavy 
rainfall over large areas within the Tennessee Basin and those 
storms on other areas which might in the future be duplicated 

lrt7 similfl r* q+flTmO AT7QT» Tcmnnctonn - 1 * * 
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Extreme rates of rainfall have resulted from storms over the States 
bordering the Gulf of Mexico and those along the South Atlantic 
Coast; but as such storms lose their greatest intensity before enter- 
ing the Tennessee Valley, the rainfall recorded over areas near the 
Gulf or Atlantic Ocean has limited significance with respect to flood 
rainfall in the Tennessee Basin. 

Unfortunately there is slight information about the rainfall which 
caused the 1867 flood. Some data are available about the storms 
causing the floods of 1875 and 1886, although there are not suflieient 
data for a complete study of either of these floods. In the storm 
causing the flood of 1886, the line of maximum rainfall entered Ten- 
nessee near the boundary line between Alabama and Georgia and 
extended northeasterly near the northwesterly boundary of the Ten- 
nessee Basin. This storm was such as to produce very heavy rain- 
fall over the Clinch River Basin. The line of heaviest rainfall in 
March 1807 is of interest because it passed more nearly along the 
axis of the Tennessee Basin than any of the other major flood storms. 
This storm caused substantial flood heights in the upper basin and 
the maximum recorded flood in the lower basin. The line of this 
storm entered the basin near the northeasterly corner of the Missis- 
sippi and extended across the State of Tennessee into Virginia, lying 
within the Tennessee Basin for nearly its entire length. The flood 
of March 1917 was caused by a storm which entered the Tennessee 
Basin from Georgia, crossing the southwesterly corner of North 
Carolina and running a more northerly course than the previous 
storms. 

There were moderate floods in the Tennessee Basin in December 
1926, and January 1927, caused by a storm which was more nearly 
centered over the Cumberland River. The line of maximum rain- 
fall crossed the Tennessee River in the eastern part of the State 
about midway between the southern and northern boundary line. 
It then passed along a line approximately parallel with the northerly 
Tennessee line, causing substantial rain throughout the State. A 
report of this storm stated : 

It can probably be safely said that in 56 years of Weather Bureau records 
no other period of nine days will show an equal amount of rainfall over as 
wide an area in Tennessee. This essentially and primarily was the cause of 
the unprecedented flood of December 1926.® 

“The unprecedented flood” referred to the Cumberland River 
Basin as that flood established a new record along that river. Very 
high flood rates were recorded on some of the Tennessee River tribu- 
taries; and if the storm had been located along a more southerly 
course, much more serious floods would have occurred in the Tennes- 
see Basin. The rainfall totaled between 10 and 12 inches over an 
area equivalent to more than one-third of the area of the State of 
Tennessee. 

In March 1929, there occurred a storm which produced what was 
said to be “in many respects the most disastrous that has yet visited 
Tennessee.” 6 It was a storm of extreme intensity over a short 
period. The path of this storm extended from northern Alabama 
across the State of Tennessee into Kentucky. The heavy rainfall 

6 Division of Geology, State of Tennessee, Bulletin 40. Surface Waters of Tennessee. 
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was divided between the Cumberland and Tennessee Basins, but 
principally oyer the Cumberland Basin. It produced flood rates on 
the Emory River, a tributary entering the Clinch River a short dis- 
tance from its mouth, and extreme rates on upper streams of the 
Cumberland River Basin. Some of these rates were outstanding in 
comparison with other flood records in the eastern United States. 
The rainfall along the axis of the storm ranged from about 6 to 11 
inches. At some points near the center practically the entire amount 



fell within a period of about 15 hours. It is believed that this storm 
is typical of one which may visit other parts of the upper Tennessee 
Basin so as to produce extreme flood rates over substantial areas. 
The area covered by the storm in its actual location, however, was not 
sufficient to produce a maximum flood from the entire upper basin. 
A significant feature of this occurrence was the extreme rate of run- 
off. From careful observation made directly after the flood by the 
United States Geological Survey upon both rainfall and run-off, it 
was estimated that the run-off over very substantial areas was between 
90 and 97 percent of the rainfall. (See table 5.) 

In ISTovember 1906 there was a very heavy storm extending near 
the valley of the Mississippi and Ohio Rivers from Arkansas to 
Ohio. Very heavy rainfalls occurred over extensive areas. How- 
ever, as it was close to the main streams and occurred in a season 
when conditions were not well suited for a high rate of run-off, 
no great damage was caused. 
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Table 5. — Rainfall and run-off of selected streams adjacent to the Clinch Basin durum the 
flood of March 23-31, 1929 1 



Prior to the January 1937 storm, probably the most notable Hood 
storm over the Ohio valley was that of March 1913 which passed 
from Missouri to New York, affecting the northern tributaries of the 
Ohio River. Consideration has been given to the effect of this storm 
passing along a line such as to bring t-lie greatest intensity of rain- 
fall within the Tennessee Basin. It is estimated that a maximum 
upper Tennessee River flood of the future is likely to be caused by 
such an occurrence. This was a general storm covering a wide area 
and was of the type that would produce a general flood of greatest 
magnitude at Chattanooga. Estimates of the magnitude of the future 
maximum flood that should be anticipated at Chattanooga are predi- 
cated on the occurrence of such a flood as this passing along a line of 
critical importance within the upper Tennessee Basin. Such a storm 
occurred in January 1937 after the dam was completed and substan- 
tial rains fell over the entire Tennessee Basin. This storm extended 
from Arkansas to Pennsylvania, affecting principally the southern 
tributaries of the Ohio Biver. The 1937 storm produced extremely 
heavy rains along the lower Tennessee Biver but over an area where 
the Tennessee Basin has limited width. 


Multiple purpose of Norris Reservoir. 

A reservoir for the sole purpose of irrigation, water supply, oi 
power development generally will be filled as rapidly as the stream 
flow will permit and will be kept full except as the 'stored water is 
drawn upon for use. A reservoir for the sole purpose of flood control 
will be kept empty except during the flood period when the t emporary 
retention of floodwater is necessary. Norris is not solely a local flood 
protection project. It is a multiple-purpose flood control project. 
Furthermore, it must be used to increase navigable depths in the Ten- 
nessee Biver, particularly in the lower reaches of the Tennessee during 
the interim preceding the final completion of the standard channel for 
9-foot navigation. Immediately after the completion of Norris, sub- 
stantial releases from Norris during the periods of low water on the 
lower river added about 2 feet to the controlling depth of the 250- 
mile stretch of the river between Wilson Dam and the mouth of the 
river. Figure 12 shows the controlling depth in the Tennessee River 
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before the completion of Norris Beservoir and the increase in con- 
trolling depths resulting from Norris releases. 

Norris Lake may in the future he used for commercial navigation, 
but its more immediate purpose is to increase during dry seasons the 
navigation depths for those reaches along the Tennessee River where 
the depth is inadequate and canalization has not yet been provided. 
Although the act did not specifically require a benefit to navigation 
along tlm Mississippi River, the release of stored water during dry 
seasons will increase navigation depths in shallow reaches below Cairo. 



0 IOO 200 3f)0 400 

MILES ABOVE MOUTH OF TENNESSEE RIVER 


LEGEND 

WfMh CONTROLLING CHANNEL DEPTHS PRIOR TO T V A 
mrnrnm *>NCREA5E IN CONTROLLING DEPTHS DUE TO 
NORRIS RELEASES BEFORE CANALIZATION 

r rv a DEFICIENCY IN CONTROLLING DEPTHS IMMEDIATELY 
AFTER COMPLETION OF NORRIS 

* Controlling depfhs grea+er than those shown were 
secured in some reaches for brief periods to meet 
special navigation requirements during the low water 
season by additional releases from Norris . 


NOTE •• 

Dimensions indicate minimum depths below water 
surface 

II' depths provide for 9' draft 


REACH OF RIVER 
(IN MILES) 

CONTROLLING 
DEPTH 1933 
(IN FEET) 

CONTROLLING 
DEPTH AFTER 
, NORRIS 4 
(IN feet) 

0 TO 22 5 

II 0 

11 0 

22 5 TO 202 5 

5 5 

7 2 

202 5 TO 206 7 

4 5 . . 

6 2 

206 7 TO 256 8 

4 0 

5 1 

256 8 TO 259 4 

7 0 

7 0 

259 4 TO 273 0 

II 0 

1 l 0 

273 0 TO 274 9 

7 5 

7 5 

274 9 TO 349 O 

3 0 

4 0 

349 0 TO 407 6 

3 0 

4 2 

407 6 TO 431 2 

4 5 

5 3 

431 2 TO 464 1 

II 0 

1) 0 

464 1 TO 471 0 

4 0 

5 3 

471 0 TO 529 9 

1 3 

3 0 

529 9 TO 567 7 

1 0 

2 5 


Figure 12. — Controlling depths in the Tennessee River before and immediately after the 

completion of Norris . 

The increase in navigation depths on the Tennessee and streams below 
the dam will be due to the collection of stream flow during the flood 
season and its release during subsequent dry seasons. The purposes 
of navigation would be favored by collecting and retaining as much 
of the floodwater as possible during the winter season. 

As far as may be consistent with the requirements for navigation 
and flood control the Board is authorized to provide and operate the 
facilities for the generation of electric energy. The dams and reser- 
voirs therefore should he multiple-purpose projects. 

Beservoir operation for power requires the storage of water dur - 
ing the wet season and its release during the periods of natural low 
stream flow. In this way the operation of the reservoir for pow*.r 
development would be similar to that for navigation. 
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Navigation, flood control, and power arc the most prominent uses 
of Norris Reservoir. These resources may be utilized for national 
defense in case of war emergency. Facilities for recreation and other 
desirable features arc also provided. 

Flood period. 

A fundamental feature in the multiple use of Norris Reservoir is 
the extent and period for which the use for flood control is essential. 
During critical periods of general Hoods on the Tennessee, Ohio, and 
Mississippi Rivers, it may be desirable or necessary to retain the 
entire Clinch River flow above the dam. Such Hoods are known 
generally to occur during* the winter and early spring*. At the time 
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Figure 13. — Occurrence of all record floods at Chattanooga , Term. 

of extreme local floods, caused by cloudburst type of rainfall, gen- 
eral floods will not occur; and it will, not be necessary to exercise 
as much control over the flood flow. At such times, flow approxi- 
mately equal to the bankfull capacity of Clinch River may be 
released, and such an outflow will very substantially reduce the re- 
quirements for storage. Local floods of this kind are likely to occur 
during almost any season of the year. One very important consider- 
ation is the restriction on the release of floodwater after it has been 
stored for flood control. _ This difficulty is due to the danger of a 
repetition of flood producing storms on the Tennessee Basin or the ex- 
istence of high stages on the Ohio or Mississippi Rivers at the time 
when release would otherwise be desirable. Ohio River floods might 
be caused by storms independent of those directly affecting the upper 
Tennessee Basin. 
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These considerations necessitate an investigation as to the period 
of flood danger to ascertain to what extent general floods are limited 
in their seasonal distribution. Continuous river gage records have 
been kept at Chattanooga since 1875. . There are also records of 
extreme stages previous to this, including the 1867 flood, which was 
known to have been substantially greater than any within the pre- 
ceding 20 years. The occurrence of all record floods at Chattanooga, 
both with respect to yearly distribution and seasonal distribution, is 
shown on figure 13, and a similar record for the Clinch River is 
shown on figure 14. This diagram shows a very definite flood season 
beginning about the last of December and ending in the early part 
of April. No flood has occurred causing serious damage at Chatta- 
nooga after the first week in April. On the basis of this information, 
it has been concluded that large flood storage capacity at Norris 
Reservoir will not be required during the period between April 15 
and December 15. 




It is recognized that the retention of flood flows at Norris Reser- 
voir may be desired a little later than April 15 in order to reduce 
Mississippi River stages after the growing season has commenced 
in the lower Alluvial Talley. No difficulty is anticipated, however, 
in supplying this need as Norris Reservoir above the spillway level 
will have, capacity to provide efficient control for such flood flows as 
may require control between April 15 and the early summer. 

Reservoir filling. 

In adopting any method for filling the reservoir, consideration 
must be given both to the demands for flood control and to the 
amount of dependable stream flow available. Storage of flooclwater 
for the protection of Chattanooga will be required at frequent inter- 
vals, as the flood stage at that city has been exceeded over 50 times 
in the record period of 70 years. 

One of the difficulties . in the operation of Norris Reservoir is due 
to the danger of repetition of floods within short intervals. In the 
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early part of the flood season, large capacity is needed to provide 
against a conflict in the demands for flood control in the upper 
Tennessee Basin on the one hand and the Ohio and Mississippi 
Bivers on the other hand and to provide for a possible repetition of 
floods. As the flood season advances, the chance for repeated floods 
and the probable need for prolonged storage diminishes. Near the 
end of the flood season, reservation must be made for the occurrence 
of a single heavy flood requiring control for Chattanooga. 

Table 6. — Run-off from Clinch River Basin at Clinton during flood periods 1898—1937 
[Depth In inches per square mile] 


Month 


Year 

Preceding 

December 

1 

January 

February 

March 

April 

May 

1898. 

0.50 

2. 68 

0.71 

1.06 

2.40 

1.06 

1899.. 

1.00 

2. 95 

5. 05 

7. 25 

2.02 

2. 29 

1900., 

.37 

1. 16 

2. 49 

3. 31 

1.07 

.33 

1901. 

1.31 

2. 03 

1. 26 

1.57 

4.72 

2.87 

1902. 

4.48 

3. 18 

2. 54 

6. 85 

1.90 

.68 

1903. 

1.74 

1. 54 

4. 43 

5. 28 

4. 54 

.85 

1904. 

.03 

.97 

1. 05 

2. 90 

.98 

1.12 

1905.. 

1.37 

1. 81 

3. OO 

2. 33 

1.24 

2. 04 

1906. 

1.53 

2. 44 

1.10 

1.84 

1 . 95 

1.16 

1907. 

1.86 

2. 20 

1.90 

3. 92 

2.47 

1.79 

1908. 

1.58 

3. 17 

3. 20 

3. 55 

2. 69 

1.44 

1909. 

2. 04 

2. 71 

3. 60 

4. 29 

1.91 

2. 86 

1910. 

.38 

1. 97 

1.75 

1 . 5(5 

1.17 

2.14 

1911. 

.84 

2. 84 

3. 60 

3.07 

4.70 

1.63 

1912 

1.86 

2. 18 

2. 75 

5. 48 

5.52 

2.88 

1913 

1.34 

6. 34 

2. 17 

5. 52 

1.44 

1.67 

1914. 

.89 

1. 01 

1.94 

2. 19 

4.47 

1.10 

1915. 

2. 59 

4. 04 

2. 50 

1.44 

.91 

.91 

1916. 

4.37 

5. 00 

2. 89 

2.43 

1.8(5 

.75 

1917. 

1.80 

5. 56 

3. 87 

10.08 

2. 08 

.81 

1918.. 

.45 

4. 47 

2. 99 

1.96 

2. 61 

1.73 

1919. 

2. 20 

4. 40 

1. 53 

3. 06 

1.35 

2.61 

1920. 

2. 99 

3. 12 

3. 20 

4. 92 

3.62 

1.19 

1921.. 

3.00 

2. 06 

3.34 

1.54 

2. 02 

1.40 

1922.. 

2.71 

3. 55 

3.31 

6. 09 

2.89 

3.07 

1923.. 

2.12 

3. 52 

5. 76 

5. 11 

1.87 

2.61 

1924.. 

1.64 

4. 67 

2. 60 

2.44 

2. 23 

2.78 

1925.. 

2. 52 

3. 92 

2.86 

1.31 

1.04 

1.03 

1926.. 

1.03 

2. 21 

3. 13 

2. 04 

1.81 

1.20 

1927.. 

7. 64 

2.24 

4. 96 

3.14 

3. 24 

1.70 

1928.. 

1.73 

1. 80 

1.05 

2.57 

4. 15 

2. 56 

1929.. 

1.24 

3. 82 

2.55 

7. 24 

1.70 

5. 73 

1930.. 

1. 61 

1.40 

2.24 

2.51 

1.22 

1.19 

1931.. 

.61 

.93 

1.10 

1. 19 

3, 18 

1.52 

1932.. 

2. 06 

2.90 

5. 90 

2.71 

2. 54 

1.94 

1933.. 

2. 68 

3. 72 

4.89 

3. 25 

1.74 

2.12 

1934.. 

.57 

1. 44 

.94 

6.41 

2.30 

.67 

1935., 

.87 

2. 79 

2.17 

6. 02 

4. 50 

2.76 

1936.. 

.71 

4. 30 

3.16 

4.40 

3. 94 

.48 

1937.. 

1.94 

7.95 

3.84 

1.71 

1.12 

1.15 


The stream flow of the Clinch River at Clinton 7 is shown in table 
6 for the period December to May, inclusive. The drainage area at 
Clinton is about 3,056 square miles or only 4.9 percent greater than 
that at Norris Dam; but as the stream flow is given in terms of inches 
depth per square mile, the information is applicable to Norris Beser- 
voir. 

The total run-off during the flood period in the 1867, 1875, or 1886 
floods is not known, although the flood stages at Clinton in the last- 

7 The gage records since 1930 were from the Coal Creek Gaging Station. 
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mentioned flood are available for most of the flood period. In the 
month of March 1917, there was a run-off of 10.08 inches. This was 
the year in which the Chattanooga flood of fourth largest magni- 
tude occurred. The nest highest for a single month was in January 
1937 when there was a run-off of 7.95 inches. There was a run-off 
of 7.25 inches in March 1897 and 7.24 inches in March 1929. The 
maximum run-off in two consecutive months occurred in February 
and March 1917 when there was a total of 13.95 inches. In January 
and February 1937 there was a total of 11.79 inches; in February 
and March 1899 there was a total of 12.30 inches of run-off The 
maximum for three consecutive months occurred in January, Febru- 
ary, and March, 1917 when there was a total run-off of 19.51 inches. 



In January, February, and March of 1899 there was a total of 15.25 
inches ; and in January, February, and March, 1923, there was a total 
of 14.39 inches. The largest total run-off for 4 consecutive months 
was also in 1917; the total for January, February, March, and April 
of that year being 21.59 inches. The next highest for a 4 months’ 
period was from January through April 1899, when there was a total 
of 17.87 inches. These figures are of limited significance because the 
necessity for flood storage is due to high rates of stream flow for 
flood periods of less than a month. In general, however, the month 
in which a substantial flood occurs has a large total rainfall.. There 
were substantial floods in a number of the months just mentioned. 

The capacity of Norris Reservoir between elevation 955 and eleva- 
tion 1,045, the highest elevation expected to he reached for flood con- 
trol, is shown in table 7. 
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Table 7 . — Capacity of reservoir between elevation 955 and elevation 1,045 




Accumu- 

Equiva- 

Accumu- 


Volume, 

luted vol- 

lent depth 

Elevation 

acre-feet 

ume, aero- 

of run-olT 

luted run- 



feet 

inches 

oil’, inches 

955-965 

147, 000 

147, 000 

0.94 

0. 94 

965-975 

174, 000 

321. 000 

1.11 

2.05 

975-985 

202, 000 

623, 000 

1.28 

3.33 

985-995 

234, 000 

757, 000 

1.49 

4.82 

995-1,005 

207. 000 

1,024, 000 

1.70 

6. 52 

1,005-1,010.. 

147, 000 

1, 171, 000 

.94 

7.46 

1,010-1,015_. 

157, 000 

1, 328, 000 

1 . 00 

8.46 

1,015-1,020-. 

165, 000 

,1, 493, 000 

1 . 05 

9.51 

1.020-1,025.. 

176, 000 

1,069, 000 

1.12 

10. 63 

1,025-1,030-. 

187, 000 

1, 856. 000 

1. 19 

11.82 

1,030-1,034.. 

157,000 

2, 013, 000 

1.00 

12.82 

1,034-1,040 

249, 000 

2, 262, 000 

1. 58 

14.40 

1,040-1,045 . 

222, 000 

2, 484, 000 

1.41 

15.81 



Figure 16. — Distribution of run-off — 12 -year period, Oct. 1920— Sept. 1932 . 

(Recent revision estimates total drainage area to be 2912 sq. miles.) 

The volume between elevations 1,045 and 1,052, the maximum, water 
level assumed in designing for the safety of the structure, is 332,000 
acre-feet. The total storage from elevation 955 to elevation 1,034, the 
top of the spillway gates, is slightly more than 2,000,000 acre-feet. 

As previously indicated, the probability of repeated floods and the 
necessity for prolonged storage decreases as the flood season advances. 
This allows a gradual filling of the reservoir, the feasibility of which 
was investigated by applying the record of the two largest floods for 
which data are available to two trial filling rates. The flood of April 
3, 1886, supplied a valuable record for this study as it was an example 
of what might he required at the end of the flood season. This flood 
was the third in order of magnitude at Chattanooga and the greatest 
flood recorded on the Clinch Kiver at Clinton. The other flood studied 
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was that of 1917 -which reached a crest at Chattanooga on March 7. 
The more conservative of the trial filling rates permitted filling from 
elevation 955 on December 15 to elevation 995 on March 1 and elevation 
1,005 on April 15. Four methods of operation were considered: first, 
that the entire flood flow would be retained until the water level rose 
to the top of the spillway gates ; second, that a release of 10,000 cubic 
feet per second would be permitted after the crest at Chattanooga had 
passed 5 third, that a release of 30,000 cubic feet per second would be 
permitted after the crest at Chattanooga had passed ; and fourth, that 
a free flow would be allowed over the spillway with all gates open. 
This study indicated that the reservoir level should not be allowed to 
rise above certain predetermined elevations during the flood season 
except when used specifically during a flood period for storing flood- 
■water. 

The filling of the reservoir which can be depended upon is limited 
by the stream flow. Table 6, showing run-off for the 4.0-year period, 
1898-1937, inclusive, supplies data on the minimum flow of Clinch 
Diver. The run -off for the 6 months’ period, December to May, 
inclusive, in the seven driest of such periods is shown in table 8. 


Table 8. — Clinch River at Clinton , run-off in inches for selected periods 


Year 

Decem- 
ber 1 

Janu- 

ary 

Febru- 

ary 

March 

April 

May 

Total 

SEVEN DETEST YEARS 

1898 

0.50 

2. 68 

0. 71 

1.06 

2.40 

1. 06 

8. 41 

1900 

.37 

1. 16 

2. 49 

3.34 

1.07 

.33 

8. 76 

1904 

.63 

.97 

1. 05 

2. 90 

.98 

1. 12 

7. 65 

1906 

1.53 

2.44 

1. 10 

1.84 

1.95 

1. 16 

10. 02 

1910 

.38 

1. 97 

1. 75 

1. 56 

1.17 

2. 14 

8. 97 

1930 

1.61 

1.40 

2. 24 

2.51 

1.22 

1. 19 

10. 17 

1931 

.61 

.93 

1. 10 

1.19 

3.18 

1. 52 

8. 53 

WET YEAR 

1917 

1.80 

5. 56 

3. 87 

10. 08 

2. 08 

.81 

24. 20 

Average year 

1.82 

3. 03 

2. 86 

3. 64 

2.49 

1.74 

15. 58 


1 December of the preceding year. 


The lowest known flows on the Tennessee Diver were recorded for 
the months of September and October 1925. This was a very dry 
year, but there was a substantial run-off in the months of January 
and February so that the record for 1925 does not appear in the 
preceding table. 

The study described above considered only a single flood in each 
case and was restricted, to requirements at Chattanooga. While this 
study was appropriate for the purpose of showing the requirements 
at the end of the flood season, it was not adequate for showing what 
might he needed throughout the flood season. An additional study 
was, therefore, made to ascertain the results which might have been 
obtained if the reservoir had been in operation for the past 50 years, 
and operated for the benefit of the Clinch Diver, for Chatta- 
nooga and other points on the Tennessee Diver, and for the reduction 
of floods on the Ohio and Mississippi Rivers. For this purpose it was 
assumed that the reservoir would have been depleted to elevation 955 
on December 15, the beginning of the flood season. The assumed 
filling was on a uniform rate with respect to volume from elevation 
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955 on December 15 to elevation 1,005 on April 15. The study con- 
sidered the stream flow throughout the season in which operation 
for flood control appeared necessary. 
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Figure 17 . — Possible reservoir operation during the 1897 flood . 


In the computations, it was assumed that storage would be required 
for one or more of the following purposes : 

1. For the benefit of Clinch River below the clam to limit the 
maximum outflow to 30,000 cubic feet per second. 

2. For the benefit of Chattanooga, to eliminate all contribution 
from the Clinch River above the dam during the period when the 
river stage exceeded 30 feet. 

3. For the benefit of the Ohio and Mississippi Rivers, to withhold 
the entire contribution from the Clinch River above the dam during 
the period when the stage at Cairo exceeded 50 feet. 

It was assumed that Tennessee River stages at Chattanooga could 
have been predicted 2 days in advance and stages at Cairo, 8 days 
in advance. 

As soon as possible, consistent with the requirements stated, the 
stored water would be released at a rate not exceeding 30,000 cubic 
feet per second until the reservoir level was lowered to the filling 
curve. 

Prior to construction, the longest continuous need for flood con- 
trol was during the flood of March and April 1922 when, if the dam 
had been built, floodwater would have been retained for a period 
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of 45 clays ; the maximum, water level which would have been reached 
would have been at elevation 1,018.9. There were periods of heavier 
rainfall in other years, but they occurred earlier in the season when 
more flood storage space would have been available. The maximum 
water level reached in the floods studied was in the case of the 1886 
flood, which case was used in considering the permissible reservoir 
filling. 

In January and February 1937, after the dam had been completed, 
the demand for flood control continued for a longer period than in 
the case of any of the previous floods studied. During the 1937 flood 
period it would have been necessary, following normal operation, to 
retain floodwater for 47 days and the maximum water level reached 
would have been slightly above elevation 1,015. 

When the dam was first completed there w T as a general desire to 
have the reservoir filled. It was important to test the success of 
methods used in sealing and grouting the cavities and possible under- 
ground channels which might permit the seepage of water. Such 
a test was possible only by filling the reservoir during the period 
when sufficient stream flow was available. The rainfall over the 
Clinch watershed in J anuary 1937 caused a stream flow substantially 
greater than the normal. This, combined with the general conditions 
accompanying the unprecedented Ohio River flood, raised the reser- 
voir level more rapidly than had been anticipated. The spillway 
gates were closed to reduce flood heights at . Chattanooga, at points 
on the river where construction work was in progress, and on the 
Ohio and Mississippi Rivers. Instead of a maximum of 1,015.2, the 
water reached an elevation a little above 1,031 or about 3 feet below 
the top of the spillway gates. From the standpoint of a test of the 
structure, very satisfactory results were found. There was no signifi- 
cant leakage at or in the vicinity of the dam, although, there was a 
small amount of outflow at one point beyond the rim of the basin. 
However, this was not sufficient to be serious, and the property affected 
was acquired. 



42 


THE NORRIS PROJECT 


Table 9. — Clinch River at Norris natural flow by weeks 1921 to 1935 
Mean weekly discharge in cubic feet per second 


Week ending— 

Week | 

1921 

| 1922 

1923 

1924 

| 1925 

| 1920 

| 1927 

1928 

Jan. 7 


2, 990 

3, 680 

4,640 

23, 700 

.14, 600 

2, 120 

8, 900 

6, 240 

Jan. 14 


4,270 

7, 700 

4, 320 

10, 700 

16, 1)00 

2, 610 

3, 500 

2, 560 

Jan. 21 


8,700 

9, 600 

4, 250 

11,900 

7, 900 

5, 710 

3, 220 

3, 690 

Jan. 28 


4, 580 

17, 300 

14, 600 

4, 780 

3, 730 

12, 900 

5, 430 

6,810 

Feb. 4 


6.670 

3, 640 

27, 200 

3, 530 

5, 050 

6,210 

11,700 

3, 630 

Feb. 11 


8, 650 

2, 680 

24, 600 

3, 120 

4, 310 

8, 700 

7, 430 

7,900 

Feb. 18 


11,700 

10, COO 

19, 100 

2, *121) 

14, 400 

8, 700 

8, 540 

4,860 

Feb. 25 


10,500 

18, 700 

6, 700 

16, 100 

9, 000 

10, 600 

24, 500 

2i 750 

Mar. 4 


5,880 

18,600 

3, 720 

8, 800 

4, 510 

6, 270 

12, 500 

2,210 

Mar. 11 

10 

3,740 

16, 600 

10, 000 

6, 330 

3, 200 

6, 220 

12, 700 

3,540 

Mar. 18 

11 

3,170 

24 , 700 

14, 800 

3, 980 

2, 220 

5, 260 

10, 400 

(i; 970 

Mar. 25 

12 

3,440 

8, 600 

15, 600 

6, 900 

4, 080 

4, 270 

5, 260 

10,000 

Apr. 1 

13 

5,120 

5,330 

10, ooo 

8, 650 

3, 370 

4,710 

3, 210 

10,200 

Apr. 8 

14 

4,330 

9, 200 

4, 130 

6, 110 

2, 520 

3, 020 

6, 210 

7,240 

Apr. 15, 

15 

2, 430 

5, 500 

4, 850 

3,610 

2, 540 

7, 330 

8, 300 

8,400 

Apr. 22 

16 

10, 600 

5, 190 

7, 900 

8, 400 

2, 200 

6, 060 

9, 200 

11,900 

Apr. 29 

17 

4.240 

7, 500 

3, 110 

4, 330 

3, 150 

3, 190 

11, 800 

14,200 

May 6 — 

18 

3,800 

15, 400 

6, 150 

6, 900 

4, 700 

2, 300 

4, 110 

11,900 

May 13 

19 

5, 750 

12, 300 

3, 790 

4, 040 

2, 370 

1, 890 

4, 790 

4,340 

May 20 — 

20 

3,180 

4, 9.50 

0, 350 

6, 750 

2, 800 

5, 780 

3, 210 

2,890 

May 27 

21 

1,850 

4, 030 

6, 960 

4,410 

1, 960 

3, 010 

2, 360 

7,000 

June 3 — 

22 

2,610 

2,370 

4, 340 

16, 200 

1, 270 

1, 580 

15, 600 

7,700 

June 10 

23 

1,380 

2, 840 

2, 580 

4, 520 

960 

1, 780 

i), 300 

9,500 

June 17 

24 

1,500 

4, 730 

9, 700 

9, 300 

800 

1, 550 

5, 280 

5,710 

June 24 

25 

1,590 

2, 240 

3, 590 

3, 780 

860 

1, 040 

3, 760 

3,390 

July l 

20 

1,790 

1,280 

4, 530 

4, 490 

3, 200 

1, 100 

2, 450 

18,200 

July 8 

27 

980 

3,* 830 

2,270 

3, 080 

1,310 

1, 090 

2, 140 

10,370 

July 15 

28 

1,560 

2,900 

2,200 

4, 300 

1, 560 

1, 220 

1, 750 

5,960 

July 22 

29 

5,700 

1,930 

1,610 

3, 210 

900 

680 

1, 270 

3,470 

July 29 

30 

3,320 

1,660 

1,200 

2, 280 

620 

1,020 

1, 220 

2,310 

Aug. 5 

31 

2,060 

1,420 

1,620 

1,490 

490 

1,240 

1, OOO 

1,620 

Aug. 12 

32 

3, 640 

1,000 

1,810 

1, 340 

470 

800 

1, 300 

1,640 

Aug. 19 

33 

5,420 

860 

3,150 

1,330 

480 

835 

2,910 

3,530 

Aug. 26 

34 

6, 160 

910 

1,200 

1, 180 

530 

2, 290 

2, 570 

4,360 

Sept. 2. 

35 

2,120 

1,100 

885 

1, 120 

400 

3, 140 

1, 140 

2,470 

Sept. 9 

36 

1,340 

840 

1,060 

920 

390 

2, 150 

990 

9,600 

Sept. 16 

37 

1,530 

780 

1,730 

930 

390 

1, 120 

1, 320 

3,320 

Sept. 23 

38 

1,010 

600 

950 

2, 610 

490 

730 

980 

2,840 

Sept. 30 

39 

1,060 

480 

1,280 

3, 670 

460 

620 

680 

2,380 

Oct. 7 

40 

1,260 

480 

040 

5, 570 

420 

890 

590 

2,110 

Oct. 14 

41 

840 

550 

570 

1, 490 

440 

760 

610 

1,930 

Oct. 21 

42 

720 

790 

510 

990 

3, 030 

1, 020 

640 

2,000 

Oct. 28 

43 

600 

560 

550 

790 

6, 540 

1. 420 

550 

3,590 

Nov. 4 

44 

1,210 

540 

715 

950 

2, 710 

1, 740 

530 

1,960 

Nov. 11 

45 

1,810 

510 

820 

810 

6,430 

1,920 

580 

1,760 

Nov. 18 

46 

1,340 

550 

940 

870 

8, 950 

6,450 

1, 220 

1,770 

Nov. 25 

47 

2,800 

690 

700 

1, 820 

3, 470 

5, 420 

2, 040 

17,000 

Dec. 2. 

48 

9,900 

550 

970 

1, 900 

4, 100 

7,410 

990 

4,010 

Dec. 9 

49 

7,600 

1, 760 

3, 280 

6, 960 

2, 660 

3, 570 

3, 170 

3,840 

Dec. 16 

50 

2,680 

4,770 

3, 600 

14, 700 

1, 730 

13, 800 

4, 010 

2,260 

Dec. 23 — * 

51 

2,440 

14,700 

3,680 

2,480 

2,540 

14, 400 

8,200 

3,630 

Dec. 31 

52 

11,400 

2, 340 

6,760 

3, 500 

3, 080 

46, 400 

3, 500 

2,450 

Maximum daily. 


26,700 

38,200 

57,100 

37,000 

30, 800 

60, 000 

41, 800 

45,200 

Minimum daily.. 


597 

449 

406 

649 

344 

571 

498 

1,460 

Average daily.... 


3,950 

5,240 

5,370 

5, 080 

3, 390 

4,860 

4, 860 

5,480 


See note at end of table, p. 43. 
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Table 9 . — Clinch River at Norris natural flow by weeks 1921 to 1935 — Continued 


Mean weekly discharge in cubic feet per second 



Week ending— 

Week 

1929 

1930 

1931 

1932 

! 1933 

| 1934 

1935 

Jan. 

7 


4, 850 

5,760 

2,170 

7, 010 

12, 200 

4,780 

4, 920 

Jan. 

14 


7, 040 

3, 590 

3,840 

6, 250 

9,500 

7,780 

7, 420 

Jan. 

21 


10, 700 

2, 350 

2,360 

3, 700 

4, 400 

2, 000 

5, 890 

Jan. 

2S 


17, 200 

2, 790 

1,670 

3, 840 

10, 900 

1,320 

12, 100 

Feb. 

4 


6, 140 

3, 100 

1, 090 

31, 600 

8, 700 

1,020 

3, 760 

Feb. 

11... 


6, 300 

9, 350 

1, 290 

20, 600 

10, 100 

916 

2, 930 

Feb. 

IS 


4, 190 

7, 660 

4,510 

14, 300 

16, 600 

810 

10, 500 

Feb. 

25 


4, 900 

4, 550 

4.850 

9,400 

22, 200 

837 

4, 670 

Mar. 

4 


25, 400 

4, 000 

2,630 

4, 550 

5, 440 

19, 100 

10, 600 

Mar. 

11 

10 

20, 400 

7, 340 

1, 760 

8, 000 

3,240 

21, 200 

5,150 

Mar. 

IS 

11 

8, 100 

6, 350 

1, 660 

3, 650 

6, 240 

5, 800 

19, 700 

Mar. 

25 

12 

26, 000 

9, 300 

2,110 

6, 090 

20, 000 

15, 100 

16, 200 

Apr. 

1. 

13 

14, 300 

3, 870 

7,830 

12, 600 

5, 510 

20, 400 

25, 800 

Apr. 

S 

14 

5, 090 

4, 300 

10, 000 

8,130 

3, 750 

5, 120 

23, 400 

Apr. 

15 

15 

3, 520 

4, 400 

8, 200 

6, 890 

3, 720 

6, 690 

14, 000 

Apr. 

22 

16 

2, 890 

2,500 

4, 630 

4,250 

7, 360 

7, 070 

5, 660 

Apr. 

29 

17 

4, 170 

1,960 

11, 100 

6, 770 

3, 960 

5,290 

6,110 

May 

6 

18 

15, 500 

1, 570 

4,220 

7,600 

2,730 

2, 560 

3, 360 

May 

13 

19 

16, 000 

1, 720 

4,060 

4, 890 

7,440 

1, 940 

5, 550 

May 

20 

20 

12, 000 

3, 750 

4,350 

5, 550 

7,300 

1,700 

12, 100 

May 

27 

21 

20, 700 

5, 670 

3,490 

2,790 

4, 520 

1,280 

8,140 

June 

3 

22 

5, 290 

1, 610 

2,990 

1,790 

3, 550 

988 

4, 250 

June 

10 

23 

4, 380 

1,160 

2,010 

1, 280 

1, 690 

991 

4, 240 

June 

17 

24 

3. 460 

980 

1,610 

1,870 

2, 340 

1, 500 

2, 280 

June 

24 

25 

2, 420 

950 

1,340 

2, 660 

1, 200 

1, 080 

3,650 

July 

1 

26 

7, 420 

810 

1,070 

4, 370 

1, 060 

900 

3,100 

July 

8 

27 

6,490 

670 

1,180 

5,230 

870 

1, 020 

3, 150 

July 

15 

28 

3,390 

670 

2,000 

2,780 

1, 160 

1,030 

2,680 

July 

22 

29 

4,080 

880 

1,730 

1, 350 

830 

1, 830 

1, 700 

July 

29 

30 

2, 170 

840 

8,200 

1, 020 

1, 370 

851 

2, 090 

Aug. 

5 

31 

2, 080 

650 

2,360 

1. 020 

2,880 

1, 320 

1,880 

Aug. 

12 

32 

1, 390 

500 

2,700 

1,010 

1, 630 

1,480 

1, 390 

Aug. 

19 

33 

1, 300 

600 

1,750 

910 

970 

2, 420 

1,690 

Aug. 

26... 

34 

950 

1,060 

4,740 

890 

730 

2,700 

1, 170 

Sept. 

2 

35 

990 

760 

1,990 

540 

740 

2,740 

580 

Sept. 

9 

36 

810 

450 

1,700 

500 

850 

1, 070 

890 

Sept. 

16 

37 

1, 290 

880 

900 

420 

630 

796 

690 

Sept. 

23 

38 

1, 180 

600 

690 

400 

600 

614 

510 

Sept. 

30 

39 

1, 210 

500 

650 

650 

440 

626 

■ 501 

Oct. 

7 

40 

1, 480 

400 

570 

610 

360 

1,480 

390 

Oct. 

14 

41 

1, 130 

490 

460 

710 

344 

2,010 

460 

Oct. 

21 

42 

780 

390 

420 

2,410 

417 

1, 180 

440 

Oct. 

28... 

43 

3, 730 

410 

430 

1, 250 

422 

981 

480 

Nov. 

4 

44 

2,580 

490 

650 

2,100 

415 

1,530 

730 

Nov. 

11 

45 

6, 340 

430 

510 

1, 890 

547 

2,090 

690 

Nov. 

18 

46 

13, 000 

1,250 

450 

1 , 420 

405 

1, 270 

5, 470 

Nov. 

25 

47 

13, 200 

1,400 

440 

4,110 

381 

966 

2,680 

Dec. 

2 

48 

3, 530 

680 

820 

1,720 

388 

1,830 

2, 170 

Dee. 

9 

49 

2, 630 

1,800 

1,920 

1 , 110 

914 

3,450 

1,380 

Dec. 

16 

50 

3, 260 

1,380 

8,600 

4, 470 

830 

1,450 

2,290 

Dec. 

23 

51 

5, 610 

950 

5,240 

3,740 

1 , 210 

1,340 

2,400 

Dec. 

31 

52 

5,140 

2,290 

6,270 

18, 000 

2,980 

2,850 

1, 150 

Maximum daily.. 


56, 000 

15,900 

17,200 

50, 500 

34,900 

38,400 

41, 900 

Minimum daily. . 


723 

371 

419 

359 

341 

566 

309 

Average daily 


6, 690 

2.360 

2,974 

4, 856 

4,018 

3,440 

5,029 


3ra : nage areas.— Clinton, 3,056 square miles; Coal Creek, 2,821 square miles; Norris Dam, 2,91 2 square 
miles. 

Note.-— D ischarges at Norris estimated from gaging-station records at Clinton and Coal Creek, Term., 
in Bull. 40 and water-supply papers, by using proportional drainage areas. 

Discharges at Norris prior to twenty-seventh week of 1927 obtained from gaging-station records at Clin- 
ton; subsequent discharges obtained from gaging-station records at Coal Creek. Discharges after the for- 
tieth week 1934 have been corrected for storage at Norris Dam. 
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Navigation. 

As stated in the previous discussion on the multi-purpose uses of 
the reservoir, the Norris project will not result in any considerable 
traffic on the Clinch and Powell Pi vers themselves except for pleas- 
ure crafts and perhaps some for coal. The existence of a navigable 
pool extending substantial distances up the Clinch and Powell Rivers 
together with the provision for the future installation of a coal chute 
which is described in chapter 3 avoids the foreclosing of the develop- 
ment of this traffic. As a storage development, however, the project 



Figure 18 . — Study of possible Norris Reservoir operations for regulation of the Tennessee 

River at Florence , Ala. 


will contribute^ to the improvement of navigation on the Tennessee 
and Mississippi Rivers by means of storage releases during critical 
low water periods. Figure 18 shows the discharges required from 
Norris for seven typical years to maintain certain regulated flows of 
the Tennessee River at Florence, Ala. 

Power. 

The large reservoir that is formed for river regulation has also 
important potentialities for pow T er. Only a small amount of power 
will be required from Norris during that part of the year when water 
is being stored. ^ Water supply studies of unified operation show that 
during such periods the uncontrolled flow, reaching Wheeler and Wil- 
son Dams, is sufficient for the generation of the firm system output. 
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In fact, on the average, the Norris Reservoir can store water about 
60 percent of the time in each calendar year. However, during periods 
of low flow in the^ Tennessee River, the storage releases will generate 
power at the Norris plant and, in addition, will increase the available 
power at each down-river hydroelectric plant. 

Wilson, or any other individual plant, ceases to have significance as 
a producer of “primary” or “dependable continuous” power, once that 
plant becomes part of an integrated water control system. 

The net continuous power output of the Wilson plant alone is esti- 
mated to be about 39,000 kilowatts. The addition of power by the 
Norris plant and reservoir to a series of down-river plants is shown 
in table 10. 


Table 10 . — Increase in system output due to the IVorris plant 


Net continuous power, kilowatts 


System of main river plants 

Without 

Norris 

With 

Norris 

System 

increase 

Wilson ___ 

39, 000 

137, 000 

98, 000 

Plus Wheelem 

81, 000 

190, 000 

101, OOO 
126, 000 

Plus Pickwick Landing __ - 

118,000 

244, 000 

Plus G-untersville 

141,000 

282. 000 

141. 000 

Plus Chickamauga - 

183, 000 

330, 000 

147, 000 


All figures are net continuous kilowatts after deducting water losses and utilization losses. 


The capacity required at Norris is determined by these low water 
releases, as well as the economic use of the storage. In the three-plant 
system, that is, Norris, Wheeler, and Wilson, an installation of 150,- 
000 kilowatts is necessary to utilize the available energy at a probable 
plant load factor. However, the effect of storage developments on 
other tributaries tends to increase the length of the periods over 
which the storage is used during critical dry periods and thereby re- 
duces the maximum output. With the expected addition of tlie Hi- 
wassee plant to the system, as well as at least one other tributary 
project, it was decided to limit the capacity of Norris Dam to 100,00(3 
kilowatts. 

Under the multi-purpose operations, the Norris power output varies 
from 225 to 500 million kilowatt-hours annually, depending on the 
type of water year and the system of plants of which it is a part. 

PRELIMINARY DESIGNS AND PROJECT LAY-OUTS 

United States Army Engineers’ design. 

After a study 8 of the Tennessee River and tributaries, the United 
States Army Engineers recommended a dam at the present location 
of Norris. Their design for this dam as stated previously provided 
for a storage reservoir with normal pool at elevation 1,050 and with 
flood surcharge at elevation 1,057 ; a gate-controlled diversion type of 
spillway ; a three-unit powerhouse with generating capacity of 165,000 
kilowatts ; and a possible barge lift consisting of a traveling crane and 


3 H. Doc. No. 828. 71st Cong., 2d sess. 
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tank. The tanks for this barge lift 0 were approximately 35 by 160 
feet and the maximum lift was 220 feet. No barge lifts have ever been 
constructed in this country, hut there are such installations in Germany 
the highest lift being approximately 50 feet. No discharge conduits 
were provided, all water being discharged through the powerhouse 
penstocks or oyer the spillway. Protection was recommended at two 
points on the divide between the Clinch and Holston watersheds to pre- 
vent leakage from the reservoir. A dike of considerable length was de- 
signed for one point and the other low point was to be grouted to 
prevent underground seepage and supplemented with some riprap to 
protect the overburden from wave action. 



The Clinch River has been regarded as a navigable stream and 
with gage readings of 4.5 and 5.5 feet at Clinton would accommodate 
drafts of 1 and 2 feet, respectively. With a gage reading of 6 feet 
it is probable that a 2%-foot draft would be possible. From a study 
of the gage records over the period 1903 to 1933, it was shown that 
barges with drafts of 2 to 2y 2 feet could be operated about 50 per- 
cent of the time. 

Extensive coal beds located along the northern border of the reser- 
voir would provide the major portion of the potential water traffic. 
On the basis of rail freight movement of 1926, a total of nearly 
2,000,000 tons of coal could have been transported by -water had the 
Clinch River been developed for navigation. About 1,200,000 tons 
of this traffic would have originated in the area above Norris Dam. 

However, if provisions were made to accommodate this potential 
traffic, it would have necessitated the improvement of the Clinch 
River below Norris Dam by the construction of three low-head dams. 


A barge lift was included in the preliminary studies of the U. S Armv Engineers, but 
was never specifically recommended by them. See Pillsburv, G. B.. The Barge Lift at 
Norris Dam, Engineering News-Record, 113: 30S-300, September 0, 1034. 
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In the United States Army Engineers’ program this would not have 
been undertaken for a number of years, and then only after the de- 
mand for navigation on the Clinch warranted it. Another point 
which had to be considered was the construction of terminal facilities 
which would have to precede commercial navigation. The majority 
of these terminals would have been located in the reservoir area, since 
this is the origin of most of the potential traffic, and the variation of 
water levels in the reservoir would have made the cost of such facili- 
ties so high that it is doubtful if commercial interests would have 
found sufficient justification to provide them. Consequently, it did 
not seem that the large expense of constructing a barge lift — esti- 
mated by the Army Engineers to cost $3,000,000 — would be justified 
in view of the fact that there was little, if any, navigation on either 
the Clinch or Powell Rivers, and the prospect of future navigation 
was doubtful. After a review of the Authority’s studies by the board 
of consultants, the barge lift was omitted from later designs. 

Immediately after the passage of the TV A Act, a .consultant was 
retained by the United States Army Engineers to study the proposed 
design of Cove Creek Dam and to recommend a design which 
would more nearly fit the purposes as set up in the act in connection 
with the general development of the Tennessee River drainage basin 
for flood control, navigation, and power. It was concluded from 
this study that the upper elevation of the power pool be lowered to 
elevation 1,030 from elevation 1,050. This would allow the space 
between elevations 1,030 and 1,060 to be reserved for the detention of 
flood peaks. In the earlier design only the space between elevations 
1,050 and 1,057 was reserved for this purpose. A draw-down to ele- 
vation 970 was recommended instead of the draw-down to elevation 
930 as previously proposed. Aside from the above changes the con- 
sultant’s design was substantially the same as the original Army 
Engineers’ design. 


Consideration of types of structures. 


The United States Bureau of Reclamation was asked to study the 
United States Army Engineers’ preliminary designs and to make 
revisions or alternate recommendations based on their previous ex- 
perience and practices. In the preliminary designs and estimates of 
the Bureau of Reclamation, four types of dams were investigated — a 
concrete straight gravity, a concrete round-head buttress, a rolled- 
earth fill, and a rock-filled type. Two estimates were made on the 
latter type, one with a side channel spillway near the right abutment 
and the other with a straight channel spillway through the ridge to 
the east of the left abutment. 

For the purposes of these alternate studies, the physical require- 
ments were originally taken as follows : 


Reservoir capacity 

Maximum reservoir level 

Top of roadway — Concrete types 

Top of roadway — Pill types 

Spillway capacity 

Diversion capacity during construction 

Outlet capacity at reservoir elevation 930- 
Penstock capacity at reservoir elevation 970 — 

Number of power units 

Rated full-load capacity of generators at 200- 
foot average head above tail water elevation 821, 


8.740.000 acre-feet. 

Elevation 1,064. 

Elevation 1,070. 

Elevation 1,072. 

175.000 cubic feet per second. 
60, OOO cubic feet per second. 
12, 000 cubic feet per second. 

12.000 cubic feet per second. 
3 

180, OOO kilowatts. 
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Straight concrete gravity . — This type, shown in figure 20, con- 
sisted of a spillway in the river channel section flanked by abutment 
sections on either side. The spillway section was designed with 
three openings with provision for structural steel drum gates. The 
toe of the spillway extended downstream to form a concrete apron, 
and a sloping sill was provided at the end of the apron in order to 
insure the formation of a hydraulic jump and to prevent undesirable 
erosion below the spillway. 




In order to regulate flow for flood control, six rectangular conduits, 
each controlled by two slide gates arranged in tandem, were provided 
in the spillway section. Two additional 102-inch diameter lined con- 
duits were included immediately east of the spillway section for 
closer regulation. 

The powerhouse for this design was a reinforced concrete, struc- 
tural steel frame structure. The three units were served by lined 
penstocks 20 feet in diameter. Regulation of the flow through the 
penstocks was controlled with 240-inch diameter butterfly gates 
located in the powerhouse immediately upstream from turbine scroll 
cases. Provision was made for three 60,000-kilowatt units and two 
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1,000-kilovolt-ampere station service units. Trashrack structures 
were provided at the entrance of all conduits. 

This preliminary design and estimate was based on a unit weight 
of concrete of 150 pounds per cubic foot and on an uplift assumption 
of full hydrostatic pressure at the upstream face varying to zero or 
tail water pressure at the downstream toe and applied over two- 
thirds of the total area. The sliding factors amounted to 0.64 and 
0.61 at the base of the spillway section and at the base of the maxi- 
mum abutment section respectively. 



SPILLWAY SECTION ABUTMENT SECTION 

Figure 21 . — Preliminary design — Concrete round-head buttress type dam . 


RouruL-Kead buttress . — This design, shown in figure 21, proposed 
the use of the round-head buttress for the entire length of the dam 
except for a gravity section 280 feet in length adjacent to the east 
side of the spillway. This was made necessary for practical and 
economical construction of the outlet works and power plant. The 
outlet works and power plant for this design were similar to those 
proposed in the design of the straight concrete gravity type dam. 

The spillway was located in the river section with crest elevation, 
length of opening, gates, and bridge the same as in the gravity type 
design. Drum gate chambers and bridge piers were supported by 
the buttresses. The downstream slope of the buttresses was protected 

155813 10 5 
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by means of a reinforced concrete slab and a mass concrete apron. 
The latter -was similar in design to the apron for the gravity type 
dam. 

Six rectangular conduits for flood control were formed through 
each of the middle buttresses of the spillway section. Control was 
by means of slide gates. 

Rolled earth fill This design, shown in figure 22, provided for 

a rolled earth fill dam with a side spillway. As a protection against 
wave action, the upstream face was to be protected by riprap and 
the downstream face was to be protected with a rock fill. A concrete 
core wall was provided for added safety. 

A straight channel spillway was located through the ridge about 
1,000 feet , east of the dam. Excavation from the spillway section 
was equal to about 90 percent of the fill required for the dam, it 
being necessary to borrow the remaining 10 percent. The spillway 
gates -were practically the same as those used in the design of the con- 
crete types of dams. 

The power plant and outlet worths were located between the east 
abutment and the spillway — the approach channel and the trashrack 
and gate structures being common to both these features. The 
powerhouse for this design was practically the same as that planned 
for the concrete gravity dam. 

Rock fill . — The rock fill type consisted of a well-graded quarry 
run rock embankment with protective facing on both slopes. The 
two designs of this type dam differ only as to location and type of 
spillway, one having a straight channel spillw T ay similar to the 
spillway in the earth fill design, and the other having a side channel 
spillway near the right abutment of the dam. Crests of both spill- 
ways are similar with the exception that the side spillway design 
includes a 200-foot span concrete arch bridge along the extended 
axis of the dam. 

Excavated material from the side channel type spillway would be 
suitable for the fill, while material excavated from the straight chan- 
nel type would not be suitable. This fact is reflected in the cost 
estimates for the two dams. 

Comparative cost estimates. 

Table 11 shows comparative costs for the various types of struc- 
tures considered. 

Table 11 . — Comparative costs oj types of structures considered 


Type of dam 


Dam. spillway,) 
outlet works 


Power plant 


Total cost 


Bound-head buttress 

Straight gravity 

Boiled earth fill 

Bock fill: 

Side channel spillway 

Straight channel spillway. 


$13, 674, 367 $7, 376, 

13, 802, 135 7, 376, 

11,941,364 13,211, 

15 , 809,511 13 , 211 , 

16 , 634 , 436 13 , 211 , 


809 

$21, 050, 176 

809 

21, 177, 944 

086 

25, 152, 450 

086 

29, 020, 597 

086 

29,845, 522 


It will be noted that if the power plant is not considered, the esti- 
mate for the earth fill type is the lowest, but with power included the 
round-head buttress type is the cheapest. However, the difference 
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From these preliminary designs and estimates, the rock and earth 
fill types were eliminated because of tlieir much higher cost. With a 
few changes in the sections, crests, penstocks, elevations, and the use of 



Trashrack & s+oney 
gate struct 



Cylinder gate shaft 

-L 1 . S70.0 — 20'diam outlet tunnel 


OUTLET SECTION B-B 
Figure_23. — Preliminary design — Rock Jill type dam . 


a rolled earth embankment with a concrete core wall for about 600 feet 
off the east end of the left abutment section, it was found that the total 
cost of the concrete gravity dam would be considerably lower than 
that of the round-head buttress type. On this basis, it was decided 
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that a straight gravity type -would be constructed. Table 12 affords 
a comparison of actual TV A. costs of the completed project as com- 
pared to the United States Army Engineers’ and Bureau of Reclama- 
tion estimates. 


REQUIREMENTS FOR FINAL DESIGN 

Subsequent to the detailed investigations, studies, and estimates, 
the general requirements for the final design were determined and may 
be summarized as follows: 

Location Near Cove Creek at site A. 

Type Straight concrete gravity. 

Top of roadway Elevation 1061. 

Maximum high water (structural design) Elevation 1052. 

Probable high water Elevation 1047. 

Top of spillway gates Elevation 1034. 

Spillway crest Elevation 1020. 

Bottom of outlet conduits (maximum possible Elevation 860. 

draw-down ) . 

Capacity of spillway 200,000 cubic feet per Second- 

Capacity of outlet conduits 40,000 cubic feet per second. 

Number of power units 2. 

Total capacity at 0.9 power factor 100,000 kilowatts. 

These requirements necessitated some reservoir treatment which, 
however, was not a serious item and consisted mainly of the construc- 
tion of a small earth dike near the Loyston Divide to prevent leak- 
age of reservoir water over the reservoir rim at extreijciely high stages. 
While it was known that there was a likelihood of some leakage 
through the reservoir rim near the dam abutments, it was not con- 
sidered economical to seal these entire areas by grouting until it was 
known how serious this problem might be. The more notable’ areas 
of weakness for a distance of approximately 2 miles from the east 
abutment and for several thousand feet from the west abutment were 
grouted to some extent. 

GEOLOGY OF THE NORRIS RESERVOIR REGION 

The first geologic mapping in the present Norris Reservoir area 
was done by the United States Geological .Survey between 1889 and 
1899, as part of the Maynardville, Morristown, and Briceville folios, 
all of which have been published. Since much geological informa- 
tion of scientific value would be lost by flooding, a more detailed 
geologic map of the reservoir area was made upon newer and more 
accurate base maps. In conjunction with this work examination 
was made of hundreds of claims for mineral damages in the reservoir. 

GEOLOGIC DESCRIPTION OF REGION 

The reservoir area is in the western portion of the Valley and Ridge 
physiographic province, between the Cumberland Plateau and Clinch 
Mountain. The area may be subdivided into three physiographic 
divisions : 

1. The faulted ridge and valley area on the southeast, consisting 
of parallel ridges and valleys formed on various belts of steeply 
dipping rocks. 



[General expenses have been prorated to items shown] 
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2. Dividing- ridge, or Powell Biver anticline, consisting of a broad 
arch of nearly flat-lying Knox dolomite into which Powell Eiver and 
its tributaries have incised a dendritic drainage pattern, and 

3. Powell Valley, which is similar to the first division but has 
fewer ridges. 

Stratigraphy . — -With the exception of one small area, the rocks of 
the Norris Beservoir area are all sedimentaryj consisting of limestone, 
dolomite, shale and sandstone, and gradational varieties of these 
types. They are of Paleozoic age, ranging in age from early Cam- 
brian to Devoniaii, as shown on the generalized stratigraphic column. 



GEOLOGIC COLUMN FOR THE NORRIS RESERVOIR AREA 


Devonian- 
Silurian 


Ordovician- 


Cambrian- 


/ Chattanooga stale. 

“l^Becraft sandstone, 
r Hancock dolomite. 

Clinton formation. 

[ Clinch sandstone. 

( Juniata — Sequatchie formation. 

| Reedsville shale and limestone. 

Trenton limestone. 

( Lowville — Moccasin limestone- 

Ottossee shale and limestone j> Chickamanga limestone, 

Stones River limestones 

Post — Longview limestone and dolo- 
mite — 

Longview dolomite Knox dolomite. 

iChepnltepec dolomite 

( Copper Ridge dolomite 

Noliclmcky shale and limestone 

■ ssssrr c„™. 

Rutledge limestone 

l Rome shale, sandstone, and limestone. 
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Of the several formations listed, three groups comprise the most 
widespread and most important rocks of the area: the Home, the 
Knox, and the Chickamauga. 

The Rome formation . . — This is a heterogeneous formation consist- 
ing of red, green, and brown shales; thick, coarse sandstones; sandy 
shales; and massive beds of limestone and dolomite. Its exjxjsed 
thickness here is about 1,500 feet. As a whole, it is resistant to 
weathering and forms the “comby” ridges which are so conspicuous 
throughout the area. These ridges have a steep scarp slope, and a 
slightly less steep dip slope, and provide a barrier to transportation 
routes, except where they are cut by water gaps. 

It crosses the reservoir area in three separate parallel belts, mak- 
ing up the foundation rock at the following locations: Big Riclge' 
Dam, the new railroad bridge at Days Mill, and the north abutment 
of the new Clinch River highway bridge. The new Southern Rail- 
way tunnel at Days Mill cuts tlirough the lower part of the Rome 
in one of the typical ridges. 

Excepting the limestones of the lower part, the Rome is an in- 
soluble formation, and the thick sandstone beds are sufficiently strong 
to support structures so that the formation is well adapted for the 
above-mentioned structures. It has, however, one important weak- 
ness in the susceptibility to sliding on dip slopes. The intcrbedded 
shales, when moistened, afford good surfaces on which the sandstone 
beds slip when any supporting material is removed. This was ex- 
perienced at the south portal of the Days Mill tunnel and in the 
Indian Creek road relocation. 

Conasauga group . — -This group consists of 800 to 1,700 feet of 
massive limestones and a thick series of calcareous shales; but in the 
upper (Nolichucky) portion, the shales and limestones arc more inti- 
mately interbedded. Shales are more abundant in the western part 
of the area. The Conasauga as a whole is a soluble, non resistant for- 
mation, and forms valleys which are usually followed by longitudinal 
roads. The south abutment of the new Clinch River highway bridge 
is on the lower bed of the Conasauga. Most of Big Ridge Reservoir 
is underlain by this group. 

Knox dolomite . — The most important and widespread group of 
rocks in the reservoir area is the Knox dolomite. Usually considered 
as a single unit in all general discussions, it is, however, divisible into 
at least four distinct formations which may be recognized by careful 
study of their fossils and lithologic character. The total thickness 
is about 2,750 feet. 

The lowest formation of the group is the Copper Ridge, consisting 
of about 1,000 feet of massive, coarsely granular dolomite. Small 
amounts of bituminous material present give many of the beds a dark 
color and a decided fetid odor when freshly broken. Upon weather- 
ing, this formation yields a deep red soil and a great amount of 
chert in loose fragments which litter the surface varying in size up to 
a few feet in diameter. Different types of chert may oe recognized 
at several horizons but this requires detailed study. Norris Dam is 
built upon this formation and practically all the Powell River area 
of the lake is underlain by it. 

^ The next formation — the Chepultepec dolomite — contains beds very 
similar in lithology to those of the Copper Ridge but less massively 
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bedded and usually less well-exposed. It is about 900 feet thick and 
yields large masses of chert which are usually more porous than those 
of the Copper Ridge. It is distinguished by a zone of sandy dolo- 
mite at its base. Leaching of the carbonate cement from these beds 
produces a porous sandstone which attains a thickness of 14 feet on 
Cove Creek. This sandstone is a good aquifer and many springs 
issue from it. 

The Longview and Post Longview beds are a series of about 1,800 
feet of light gray crystalline dolomite and dense blue ^ limestone. 
They also yield great quantities of residual chert and, in some cases, 
thick beds of chert. 

As a whole, the Knox dolomite is defined as a soluble unit, and any 
portion of it may support extensive underground drainage. Since 
low dips are favorable to underground drainage and since the Copper 
Ridge and Chepultepec occupies the largest areas of low dip, it is 
in these formations that the largest sinks and caves are to be found. 
These are in the central peninsula and west side of the Powell River 
and both sides of the Clinch River below its junction with the Powell. 

Deep-sided ridges ^ with shallow intermediate valleys is the usual 
topographic expression of the Knox group. The ridges are most 
commonly developed upon the Copper Ridge and Longview forma- 
tions. The Post Longview occupies the dip slope of the ridge and 
the side of the adjacent valley of Chickamauga limestone. 

Chief utilization of the Knox dolomite has been as road material 
and for masonry purposes. All the formations of the group con- 
tribute to these uses, which have been entirely local. Norris Dam 
quarry is in the Copper Ridge dolomite. 

Chickamauga limestone . — The general term Chickamauga lime- 
stone embraces several different limestones of more or less similar 
character whose total thickness is about 1,500 feet. As a unit they 
are quite soluble and nonresist ant to weathering so that they are 
found in continuous valleys, frequently occupied by longitudinal 
streams and generally followed by through roads. Such valleys as 
the Powell Valley, Big Valley, Dutch Valley, and Clinch Valley are 
illustrative of this. 

Generally the limestones of the Chickamauga are thin bedded, 
though some dense bine limestones of the Stones River and coarsely 
crystalline limestones of the Ottossee exceed 3 or 4 feet in thickness. 
Both shaly limestones and rather pure limestones are present in all 
the formations of this group, the former being more prominent in, the 
Lowville-Moccasin, the Ottossee, and the Trenton, and the latter be- 
ing found in the Stones River and certain beds of the Ottossee. All 
are highly fossiliferous, and good fossil-collecting localities are 
abundant throughout the area. 

Of special interest is the occurrence of at least two beds of meta- 
bentonite (altered volcanic ash). These attain thicknesses as great 
as 4 feet and are very widespread, not only in the Norris area, but 
throughout the eastern United States. All limestones of the group 
are highly soluble and both sinks and caves are of frequent occur- 
rence. The Buffalo Divide north of Andersonville is underlain by 
these limestones. They have no economic uses except as road metal 
and as slabs for flagstones, coping, etc. For road metal, the Low- 
ville and Stones River beds are most often used in this area. 
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Miscellaneous formations . — The Reedsville and the Sequatchie 
Juniata formations are thick shale series occurring high on the scarp 
slopes of the Clinton Ridges and are of no engineering or economic 
significance. The Clinch sandstone is present only locally. The 
Clinton formation which overlies it consists of about 450 feet of sand- 
stone and sandy shales and forms such continuous deep ridges as 
Lone Mountain and Big Ridge. It contains a thin bed of fos- 
siliferous iron ore, too thin to be worked profitably, except at 
La Follette, where it once supported a furnace. 

Above the Clinton, the formations are too thin and too local in their 
occurrence to be of engineering or economic importance to the area. 
Of special interest is the occurrence on Clinch River near the gourd 
of two small bodies of mica-peridotite, an igneous rock which has been 
intruded into the sedimentary rock and is younger than the youngest 
rock of the area. This is the only intrusive igneous rock known to 
occur in Tennessee west of the Blue Ridge Province. 

Structure. 

Morris Reservoir area may be subdivided into two distinct struc- 
tural units, the fault-block area of the southeastern portion, and the 
Powell River anticline occupying the northwest portion. 

Fault-block area . — Originally deposited upon the sea bottom in a 
horizontal position, the sedimentary beds were later subjected to 
intense compressive forces acting from the southeast, causing them 
to fold and in many cases to break on the axes of these folds. Thus 
the portion of the reservoir area southeast of Lon© Mountain and 
Big Ridge has been broken into three major and several minor blocks 
which have been thrust northwestward over the adjacent areas, so 
that the lower Cambrian beds now rest upon younger Ordovician 
and Silurian formations. The base of each block is an inclined 
thrust fault, usually in the lower part of the Rome. In this area 
the rocks are generally inclined at angles of 25° or more, their strike 
is north 40° east to north 60° east, and the direction of their dip is. 
with very few exceptions, toward the southeast. The effect ox 
erosion upon these structures is to produce a pattern of long, narrow, 
parallel strips of rocks, the harder ones forming ridges and the softer 
and more soluble ones forming valleys. This can be observed clearly 
in driving from Knoxville to Norris where 5 separate fault blocks 
containing the same series of rocks and at least 40 different belts of 
rocks, all dipping southeast, can be seen. The Rome formation is. 
crossed at Sharps Ridge, Beaver Ridge, Bullrun Ridge, Pine Ridge, 
and part of Lone Mountain. 

Powell River anticline . — Lying between the Cumberland Plateau 
and the fault-block area just described is the broad arch of the 
Powell River anticline, so named because the Powell River flows 
approximately along its axis. Throughout the major portion of the 
anticline, the rocks are almost horizontal, or inclined at very low 
angles. This is the large area of Knox dolomite of the central 
peninsula and adjacent areas and is the area upon which Norris Dam 
is located. Local domes on the major structure caused the older 
Conasauga beds to come to the surface at Lead Mine Bend, Davis 
Creek, and other localities. On the southeast side of the anticline, 
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the Chickamauga and younger beds form flanking belts which - dip 
southeastward at about 25°. These same beds flank the arch on the 
northwest side, where their dip is much steeper and often vertical 
as they pass beneath the Cumberland Plateau. 

Although a distinct unit as far as the reservoir area is concerned, 
the Powell River anticline is actually only a small part of a very 
large thrust block which extends well beyond the limits of the Norris 
Reservoir area. This block moved on an essentially horizontal plane 
for several miles to the northwest. 

SOCIAL AND ECONOMIC STUDIES 

Since the Cove Creek site had been under consideration for a num- 
ber of years, preliminary investigations covering the engineering and 

f eologic aspects of the project had been made by the United States 
rmy Engineers and others prior to 1933. However, beyond ascer- 
taining the probable value of the land to be acquired for the completed 
project, no studies had been made relative to family removal, prob- 
lems of access to isolated areas, or the effects of governmental pur- 
chase of real property on local government finance. Although these 
studies are normally a part of preliminary investigations, time was 
not available for such investigations prior to the starting of actual 
construction because of the urgent need to relieve unemployment. 
The investigations were started as soon as possible, however, and 
served as the basis for treatment of the social and economic problems. 

EFFECT OF GOVERNMENT PURCHASE OF REAL PROPERTY ON LOCAL 
GOVERNMENT FINANCE 

A study was made to determine the direct and immediate effect 
which the acquisition of the reservoir property and its removal from 
the tax base might be expected to have on governmental finances. 
This study was restricted to county finances, because there were no 
other local taxing jurisdictions within the area purchased, and the 
amount of State revenue involved was small. 

Approximately 152,000 acres of land situated in Union, Campbell, 
Claiborne, Anderson, and Grainger Counties were purchased for the 
project. This purchased land constituted approximately 13 percent 
of the land area of the five counties. The population of these counties, 
which numbered 95,000 in 1930, was then about 9T percent rural with 
agriculture of a self-sufficient type the predominant occupation. Min- 
ing was also important in Anderson, Campbell, and Claiborne Coun- 
ties, which together produced over 3,000,000 tons of coal in 1929. 
Manufacturing was negligible, except in Anderson and Campbell 
Counties. In 1929 the total value of products manufactured in Camp- 
bell County exceeded $1,500,000, and while no comparable figures are 
available for Anderson County, the number of persons gainfully em- 
ployed in its manufacturing and mechanical industries was 1,153, or 
18.5 percent of all workers. This number greatly exceeded the numbers 
for the other counties in the Norris area. 

Although over 3,500 families were reported affected to some degree 
by the reservoir, the population of the five-county area has not been 
decreased to the full extent indicated. With an estimated 2,500 
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families remaining within the reservoir counties, the net population 
loss is approximately 5 percent of the 1930 total of 19,736 families. 

The property purchased was valued at approximately $8,670,000. 
A total of 125 ' nontaxable tracts was appraised at $258,936 of which 
about $140,000 was for county property and most of the remainder for 
churches or other property owned by religious organizations. 



Figure 25. — Population density map , 1930. 


Loss of tax base. 

The percentage of loss in the property tax assessment in the pur- 
chase area is considerably smaller than the percentage loss in the 
acreage of taxable property since slightly over 40 percent of the 
assessed value for the five counties consisted of public utilities, town 
lots, and personal property which were affected but little by the reser- 
voir. Campbell and Anderson Counties, which have the largest total 
property assessments, contained almost 88 percent of all the utility 
property in the five counties and the major portion of the assessed 
value of city and town real estate. A summary of the pertinent data 
on acreage, assessed valuation, and annual revenues for the reservoir 
counties is given in table 13. 

Some personal property was removed from the tax base of the five 
counties through the relocation of between 1,000 and 1,100 families in 
other counties. However, the taxable personal property of families 
moving from the reservoir but relocating within their respective 
counties should remain on the tax rolls. 
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Table 13. — Acreage , assessed valuation , and annual revenues for reservoir counties 


[Based on data available in 1934] 

Acreage : 

Total in 5-county area 1,159,040 

Acres purchased — (approximate) 152,800 

Percent of 5-county area 13.2 

Assessed valuation — 1934 : 

5-eounty total $24,104,427 

Purchased — amount 1,995,242 

Percent of 5-county total 8.8 

Annual revenues : 

5-county total — 1933-34 average $1,305,346 

Purchase area — 1984 tax levy , 50,613 

Percent of 5-county total 3.9 

Total county tax base by kinds of property — 1934 : 

Real estate : 

Acreage percent 59.1 

Lots • do 11.3 

Personal property do 5.8 

Public utilities do 23.S 


The remaining property purchased by the Authority was rural real 
estate with the exception of a few lots in the unincorporated villages 
of Loyston and Caryville and a short section of the Vasper-La Follette 
branch line of the Southern Railway. A sum of approximately 
$8,300,000 was paid to owners of taxable real estate, and about two- 
thirds of these landowners have continued to reside in the Norris 
comities. Authority payments for the land averaged approximately 
$55 per acre, as compared with an average assessed value of $13 per 
acre. The local investment of some of this purchase money has added 
to the physical amount of taxable property in the area and the ex- 
penditures made in the area have stimulated existing property values. 
Over 800 new houses have been built more or less directly as a result 
of family relocations in the area immediately surrounding the reser- 
voir. The census reports a 42 percent increase in farm values for this 
area between 1930 and 1935. Because of an inefficient taxing system, 
however, assessed values have failed to increase in any way commensu- 
rate with increases in real values. 

Loss of revenue. 

As shown by the preceding tabulation, the percentage of loss in 
revenue because of Authority purchases is less than half the percentage 
of loss in assessed value, on the basis of 1934 figures. The purchase 
area constituted 8.3 percent of the tax base but would have provided 
only 3.9 percent of the aggregate revenues of the five counties. In 
1934 State grants-in-aid and a small amount of State-collected, locally 
shared taxes supplied slightly more than half of the total revenue of 
these counties. 

1933—34 Average revenue — five counties affected by Norris Reservoir 


Average annual revenue — 1933-34 $1,306,346 

Distribution by source: 

Property tax percent 46.0 

Miscellaneous county revenue do — 3.8 

State aid do — 50.2 


The two-year averages may reflect depression conditions, but the per- 
centages should be representative since Federal aid is excluded. State 
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aid was much larger in 1933 than in 1934, whereas property tax collec- 
tions were greater in 1934. . . .. , , , . 

[Relative to other Tennessee counties, State aid has declined some- 
what in the Norris counties following the removal of reservoir families. 
The aid for education, which constitutes about half of the total, and 
the aid for highways, which constitutes most of the remainder, are 
both distributed partially on the basis of population. The reduction 
in State aid in the Norris counties has been relative rather than abso- 
lute however, because State funds for distribution to counties have 
been increased for the State generally. There also has been some 
decrease in the needs for revenue in the Norris counties due to the 
smaller population and the smaller area to be served. On a unit basis, 
therefore, the amount of revenue for county services in the Norris 
area has been increased. ... 

The estimated losses in tax levies due to acquisition of property by 
the Authority are $50,613 for the counties and $1,596 for the State. 
These est im ates are based on 1934 valuations and 1934 tax rates. By 
1937, tax rate increases had more than offset tax base reductions, and 
the aggregate county levies for that year were 2 percent greater than 
1934. . . 

The payment of all back taxes as a prerequisite to land purchases 
by the Authority provided considerable revenue to the Norris counties 
which had been having difficulty in making collections. Collections 
of current and delinquent taxes for the counties as a whole rose to a 
peak in 1936. By 1937 the abnormal situation created by tax clear- 
ances of TVA lands had abated, and total collections dropped 
accordingly. 

County debt. 

The acquisition of private property and its removal from the 
tax base left the existing county debts unmodified. The total bonded 
indebtedness of the five counties in the reservoir area in January 
1934, at the beginning of the Authority’s land purchase program, was 
$4,481,000. By January 1938 the counties had reduced their bonded 
debt to approximately $4,148,000. This reduction was made possible 
largely by TVA payments for county property flooded and for pur- 
chase of private property which in turn resulted in greatly increased 
back-tax collections. The net reduction was accomplished in the face 
of $185,000 of new improvement bonds issued since 1934. The ratio 
of bonded indebtedness to assessed value increased from 17.7 to 18.9 
percent over the 4-year period. 

Table 14. — 1934 indebtedness of the 5 Norris Reservoir counties 


Bonds : 

Road $3, 524, 000 

School 472 , 000 

Other 485, 000 


4, 481, 000 

Less road bonds assumed by State 1 , 343 , 253 


™ _ 3, 167, 747 

Floating debt 538 , 739 

Total bonds and floating debt 3 70 6, 486 

Less sinking fund 474 33 s 

Net total — 5-coimty debt 3 , 532 , 148 
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Expenditures for public property and other purposes. 

The aggregate value of property owned by the counties has been 
modified only slightly by the acquisition of reservoir lands. A total 
of $134,585 was paid for 40 school sites and buildings. A poor farm 
was purchased from Union County for $5,501 and a rock quarry 
from Campbell County for $250. 

Roads have beep relocated to provide services approximately equiva- 
lent to those available before the existence of the dam and reservoir, 
and at costs considerably in excess of the original outlay for the 
flooded facilities. ^ A school building has been constructed in the 
town of Norris, in Anderson County, at a cost of approximately 
$170,000. Operation of this school is by the Authority, primarily 
for residents of the town of Norris; also, pupils are enrolled from 
outside the town under a contractual arrangement with Anderson 
County. 

Effects on Union County. 

The effects of the land purchases and the removal of property from 
the tax base are felt more keenly in Union County than in any of 
the other four counties since 42 percent of the county area and ap- 
proximately the same proportion of the assessed value of all taxable 
property in that county have been acquired. 

Interruption of the financial and administrative affairs is more 
significant than the percentages of loss in area and assessed value 
indicate. In the first place, the reservoir divides the taxable area of 
the county into four parts accessible to each other only by roads 
leading through adjoining counties. This circumstance tends to in- 
crease the cost of administration relative to the population and area 
served. In the second place, Union. County already was small in 
area and relatively poor; hence even a small absolute cut in revenue 
tended to interrupt financial operations. 

It has been estimated that more than 1,100 Union County families 
were directly affected by reservoir land purchase, of which over 600 
relocated outside the county. In terms of the 1930 population this 
shift in reservoir families has reduced the number of persons in the 
county by approximately 25 percent hut has increased density per 
square mile from 48 to 63 for the portion of the county outside the 
Authority’s purchase area. However, it is not known to what extent 
reservoir family relocations displaced other families in the county, 
nor to what extent other population changes have taken place since 
1930. The decline in total population, however, together with a much 
larger proportionate reduction in the privately occupied area to be 
served, has decreased the amount of revenue needed to provide county 
services comparable with those previously rendered. 

Loss of tax base . — The Authority bought more than 63,000 acres 
of Union County land with an assessed value of $1,087,978, which was 
42.8 percent of the total real estate assessment and 41.5 percent of 
the total property assessment of the county. Real estate constituted 
97 percent or the 1934 assessment. None of the public utility prop- 
erties was affected directly by the purchases of the Authority. The 
entire personal property assessment in 1934 was less than 1 percent of 
the total property assessment, so that the reduction in the amount 
of personalty attributable to family relocation is negligible. 
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A part of the initial loss in property tax base should have been 
offset by increased purchasing* power and property improvements as 
a result of payments made by the Authority to landowners who have 
remained within the county. The lands within the Union County 
purchase area cost the Authority almost $35438,000 through June 30, 
1937, which is more than three times their assessed value. However, 
the compensating factor has not yet operated to strengthen tax base 
due to a faulty tax assessment procedure. By 1937, because of assess- 
ment reductions outside the TVA purchase area, tax values in Union 
County had fallen 50 percent from 1934, only 43 percent of which was 
caused by TVA purchases. 

Loss of revemte . — The immediate removal of $1,087,978 from the 
property tax base deprived Union County of a tax levy of $24,153 
at the 1934 rate of $2.22 per $100 of assessed value. This sum was 
equal to 17.6 percent of the average total annual receipts of the 
county for the fiscal years 1933 and 1934. According to actual 
property tax collections during these years, the revenue loss was 
$23,697 annually, or 17.3 percent of the total county revenue. The 
property tax collections, particularly those of 1934, included substan- 
tial amounts of back taxes. On the other hand, for both 1933 and 
1934 tax delinquency was generally high. 

This relatively low percentage of loss in revenue is explained by 
the fact that a large proportion of the total revenue is derived from 
sources other than the property tax. The principal revenue source 
for the county is State aid. For the fiscal years 1933 and 1934, an 
annual average of 54.2 percent of all county revenue was received 
from State grants-in-aid and State-collected taxes. 

The net loss to Union County of some 600 reservoir families, which 
represent nearly one-fourth of the county population, has as yet 
caused little or no reduction in the amount of State aid. Grants 
for elementary education, which for Union County were frozen at 
$29,468 from 1932 to 1937, were originally determined primarily on 
the basis of school attendance. Under the present law the county 
will continue to receive this amount because of a guaranteed mini- 
mum provision. The county’s share of the State gasoline tax for 
road purposes, averaging $28,402 for 1933 and 1934, is distributed 
partly according to population, but family removals will not afiect 
this before the 1940 census. ^ The need for school and road revenue 
from the State is smaller since both the population and area to be 
served are greatly reduced. The State has continued to pay interest 
and principal on certain county road bonds that it has designated 
for reimbursement. 

Nontaxable property . — School, church, cemetery, poor farm, and 
other nontaxable property in Union County purchased by the Au- 
thority amounted to a total of $106,324. Hoads in Union Count v 
were relocated by the Authority to provide the area remaining with 
services comparable to those available before the reservoir was 
formed, and a further payment of $141,000 was made for final dam- 
ages to other roads and bridges. This money has been applied to 
the reduction of the county road debt. It is estimated that in Union 
County the reservoir flooded 92 miles of highways and 1,817 feet 
of bridges which together originally cost $252,700. The Authority 
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relocated about 9 miles of county highways at a direct cost of almost 
$130,000. A new bridge and about 7 miles of road were constructed 
within the county on Tennessee Highway No. 33 at a cost of about 
$683,000. These sums expended by the Authority, plus the cash 
payment of $14:1,000, make an aggregate direct expenditure of ap- 
proximately $954,000 for roads and bridges in the" county. 

Indebtedness. Union County has reduced its bonded clebt from 
approximately $297,000 in January 1934 to approximately $106,000 
in J anuary 1938. This reduction was made possible largely through 
the payment of $41,000 by the Authority for county schools within 
the purchase area, the $141,000 final settlement for county roads 
and bridges damaged by the reservoir, and back-tax clearances of 
TVA lands. The ratio of bonded debt to property assessment was 
reduced from 11.2 percent in 1934 to 8 percent in 1938. 

RELOCATION OF PEOPLE LIVING IN FLOODED AREA 

In order to secure information relative to all fa mili es in the flow- 
age area, nearly 3,000 families who were required to move to new 
locations were interviewed during the summer of 1934. Detailed 
questionnaires were filled out for each family. 

The purposes of the study were : 

1. To secure information that would be the basis for the assis- 
tance to be given to individual families in solving their relocation 
problems. 

2. To provide the basis for future studies which would determine 
the relative conditions of these same families after resettlement. 

3. To gather basic data of a definite area which would be avail- 
able for use in the planning activities of the Authority. 

About two-thirds of the families in the reservoir area owned their 
homes. This large proportion of ownership, which was consistent 
throughout the counties affected, stands in contrast to the entire 
State of Tennessee in which only about one-half of the farm homes 
are occupied by tlieir owners. For study purposes, the Norris fami- 
lies were considered all native white since less than a half-dozen 
Negro families and only two foreign-born heads of families were 
included. 

Tenant and landowner families of the area were further classi- 
fied according to economic status. Tenants were divided for this 
purpose into relief and nonrelief groups. The survey disclosed that 
334 tenant families, or slightly more than one-third of the total, 
received relief in 1933 or 1934. The value of the land owned was used 
in classifying owner families. 

Families of the Norris floivage area 
[Based on data available in 1934] 


Percent 

Total homes in fiowage area 2,841 

Ownelr^ 65.6 

Tenants. 34.4 

Landowning families — total 1,864 100.0 

Appraised value : 

Under $1,000 417 22.4 

$h,000 to $3,999 991 53,2 

$4,000 and over 456 24.4 


155813 — 40 6 
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Families of the Norris flowage area — Continued 

Percent 


Tenant families — total 977 100.0 

On relief 334 34.2 

Nonrelief 643 65.8 


More than one-half of the landowning families had property valued 
between $1,000 and $3,999. 


Table 15. — A summary classification of families according to their probable dependence 
upon outside assistance (1934 data) 



Landowner familes 

Tenant familes 

All famlies 


Number 

Percent 

Number 

Percent 

Number 

Percent 

Total families 

1, 884 

100 

1,018 

100 

2, 902 

100 

I. Completely independent 

448 

23.8 

111 

10.9 

559 

19.3 

Families who have: 







Already secured location— _ 

418 

22.2 

104 

10.2 

522 

18.0 

Planned to retire with own support. 

30 

1.6 

7 

. 7 

37 

1.3 

JI . Advisory service only 

Families who should he: 

1,333 

70.7 

431 

42.3 

1, 764 

60.8 






Full-time farm owners 

835 

44.3 

48 

4.7 

883 

30.5 

Full-time tenant farmers.. — 

40 

2.1 

120 

11.8 

160 

5.5 

In professional and industrial 







work . . 

62 

3.3 

99 

9. 7 

161 

5.5 

Self-supporting through agricul- 







ture-industry coordination 

III. Both advisory and financial assistance. 

396 

21.0 

164 

16. 1 

560 

19.3 

103 

5.5 

476 

46.8 

579 

19.9 

Families who may he: 







Self-supporting after a period 

61 

3.3 

439 

43. 1 

500 

17.2 

Submarginal 

42 

2.2 

37 

3.7 

79 

2. 7 


In order to secure a reliable estimate of the number and kinds of 
problems, some means of classifying the families was necessary. An 
attempt was made to scale the families according to the probable 
degree of their dependence upon outside aid and relocation as shown 
in table 15._ The first of three major groups is made up of those 
families which would probably require neither financial nor advisory 
assistance. The second group is comprised of families which were 
at present self-supporting but would probably need or desire advice 
in relocating satisfactorily.' The third group is made up of those 
families which probably could not move and re-establish themselves 
without both financial and advisory assistance. Of 2,902 families 
in the area, it was found that 559 were completely independent, 1,764 
needed advisory assistance only, and 579 needed both advisory and 
financial assistance. 

The most significant findings of the survey have been summarized 
and tabulated in tables 16 to 19, inclusive. F or convenient reference, 
this^ information is divided into four classes — that relating to the 
family, the home, the farm, and relocation desires. 

A study of relocated families made by a sampling procedure in 
1936 indicated that 62 percent of the families still resided in the 
counties. The ratio of home ownership had increased 
slightly, mostly due to a change from an agricultural to a nonagri- 
cultural status. Those relocating outside the reservoir counties paid 
an average of $4,500 for their new farms ; those relocating in the 
reservoir counties averaged only $2,000. Farm owners received a 
median price of $3,000 from the TVA and invested $2,300 in new 
fenus. However, the new farms were smaller, the median falling 
from 61 acres to 49 acres. ^ All indications pointed to an agricultural 
overpopulation situation in the Norris counties. 
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Table 16 . — Summary of anstvers to questionnaire — relative to the family 



Land- 

owner 

Tenant j 

Total 

Husband and wife living together 


percent 

80.1 

93.4 




do 

15.3 

4.4 


Number born in county of present residence: 



89. 5 






88.9 

Median residence: 


years-- 

18.5 

3.9 




35.5 

16. 0 


Median age: 


do ■ 

48.7 

34.9 




do 

47.1 

30.8 


Average education: 


do ! 

5.6 



do__„ j 

; 


5.9 




70.6 

80. 1 

Fraternal membership: 

486 




None 


4.5 


4.4 


5.0 



3.9 




2.6 

Median age: 

Boys - 


years _ 

14.1 

9. 2 



do- - 

15.8 

8.0 


Normal educational attainment: 


percent - 

35.3 



do 



45.4 

Education 3 or more years retarded: 


do— 



33.1 



_ do 



23.4 



do 

1 9.1 

7.0 

i 



do— 

2.3 

2.0 




do 



| 45.8 



do— 



! 23.5 




240 






Table 17 .* — Summary of anstvers to questionnaire — relative to the home 



i 

Land- 

owner 

Tenant 

Total 

A HTTfAllinff - _ 

4.4 

3.1 



_ _r>ercent — 1 



1.8 




69.9 


miles — ] 

4.4 

3.5 


Average distance from — 

... . _ _ do i 

1.5 

1.6 



8.1 J 

8.3 







Table 18 . — Summary of anstvers to questionnaire relative to the farm 



Land- 

owner 

Tenant 

Total 


62.6 

11.7 



19.5 

10.4 

w 


$224 

$62 



854 

Small 

_ 


$211 

$100 


Possessing automobiles - 

percent.- 

25 

17 

----- 





$144 


$552 

$188 


V 8,1 U6 of totdrJ. personal property.--- — - __ | 

12 

1.8 

_ _ _ 

Average cash income — 1933: 

$205 

$62 



$144 

$119 


Cash value of products produced on farm and consumed in household. 1 

$309 

$68 

111 


Average expenditure for seed, fertilizer, machinery, etc 

$98 



i Exclusive of those families producing none for this purpose. 
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Table 19. — Summary of answers to questionnaire — relative to relocation desires 


Land- 

owner 


Tenant 


Total 


Those expecting to continue in present status after relocation 

Median size farm desired — . — 

Median land desired for cultivation—- — 

Desiring to continue as full-time farmers.. .. 

To combine agricultural and industrial work: - 


percent.. 

...acres.. 

...do 

percent. _ 
do 


93.1 

47.6 

25.7 


86.7 

23.4 

18.1 


70 
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ACCESS TO ISOLATED AREAS 

The acquisition of reservoir land up to the normal taking line left 
numerous areas of various sizes which would be severed from the 
existing road system and to which access would have to be provided. 
Studies were made of each isolated area, and where the cost of access 
facilities exceeded the purchase price of the land in the area, it was 
recommended that such areas "be purchased. Some isolated areas 
which were subject to severe soil erosion or were of a submarginal 
nature were recommended for purchase even though not economically 
justified on the basis of cost of access versus cost of land. Many 
inaccessible areas were studied originally to determine the advisa- 
bility of purchase. Those areas actually acquired will be consid- 
ered in chapter 7 of this report. Families in these isolated areas 
whose land was purchased were given the same considerations in 
regard to assistance and advice for relocating as were given to the 
families in the flowage area. 
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Chapter 3 

DAM AND POWERHOUSE DESIGN 

The dam consists of a straight gravity concrete structure for the 
western 1,570 feet which is connected to the east hillside by a rolled 
earth embankment about 290 feet long, with a reinforced concrete 
core wall. The maximum base thickness of the dam is 208 feet and 
the greatest vertical height is 265 feet (lowest point in the dam foun- 
dation to the roadway). 

The exposed rock formation in the original river bottom at the 
site lies at an average elevation of 818 feet above sea level, and the 
roadway on top of the dam is at elevation 1,061. The crest of the 
three _ 100-foot spillway openings is at elevation 1,020. Three hy- 
draulically operated steel drum gates are installed along the concrete 
spillway crests and the crests of the gates may be raised to any 
elevation between 1,020 and 1,034 to retain flood peaks. A concrete- 
encased steel girder roadway bridge spans the spillway. There are 
eight outlet conduits, arranged in pairs, through the dam. Each 
outlet is controlled by two vertical sliding gates, one for service and 
one for emergency use. These outlets permit a discharge of approxi- 
mately 36,500 cubic feet per second with the reservoir at elevation 
1,020. 

The powerhouse, 69.5 feet wide by 205 feet long, is situated on the 
east side of the river immediately against the downstream face of 
the dam and adjacent to the spillway. There are two generating 
units, each served by an individual penstock. Each unit consists of 
a 66,000-horsepower vertical Francis turbine directly connected to a 
56,000 kilovolt-ampere generator. The current generated is carried 
through underground cable tunnels to step-up transformers in an 
outdoor switchyard, located east of the powerhouse. 

DAM 

STRUCTURAL ANALYSES 

In order to test the adequacy of the final design of the dam on the 
various possible conditions of loading, it was necessary j;o make 
extensive analyses and studies' of stress and stress distribution, slid- 
ing factors and other factors such as earthquake effects. Gravity 
analyses and twist studies 1 were made by the Bureau of Reclamation, 
and an independent check of some of the conditions of loading was 
made by the Authority. In addition the Authority made a series of 
analyses in order to investigate possible failure by sliding along an 
inclined plane of weakness in the foundation rock. 

1 Honk, I. E. f Design of Cross Section, Gravity Analyses, and Twist Studies for Norris 
Dam. "U. S. Bureau of Reclamation Technical Memorandum No. 354. 



72 


THE 3ST0RRIS PROJECT 


All stress and stability studies presented here apply to the finally 
adopted design. No references are made to the preliminary design 
of a somewhat higher dam which was used m choosing the best type 
of structure or to the preliminary analyses which were made to 
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Figure 26- — Plan , elevations , and sections . 


establish the thicknesses of cross section and the upstream and down- 
stream slopes. 

The gravity analyses were made on the assumptions that full 
water load would be carried by gravity action and that the distribu- 
tion of vertical stress from the upstream to the downstream face of 
the dam would be according to the straight line theory at all eleva- 
tions. The trial load twist studies assumed that part of the water 
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load would be transferred to the abutments by twist action through, 
a system of horizontal beam elements and that the remainder would 
be transferred vertically to the foundation by gravity action through 
a system of cantilever elements. The distribution of vertical stresses 
in the twist studies was assumed to follow the straight line theory. 



SECTION THRU WEST END SECTION THRU POWER PLANT 

OF POWER PLANT AND INTAKE 

Figure 27 . — Cross sections through powerhouse 


Basic data. 

The design of the cross section was based on an assumed hypo- 
thetical reservoir surface elevation at 1,052, five feet above the assumed 
maximum possible reservoir surface. With this loading the thick- 
nesses of cross section and slopes of upstream and downstream faces 
of the dam were proportioned so that the sliding factor, for the 
assumption of two-thirds uplift (as explained under items 3 and 4 
of Assumption Factors on page 77) , would not exceed 0.65 in any 
part of the structure except where it was reinforced against hori- 
zontal sliding or shear. An example of this condition occurred in 
the horizontal planes adj acent to the drum gate chambers in the spill- 
way section. Slightly higher sliding factors were permissible during 
super-hypothetical flood conditions, which were assumed to cause the 
reservoir surface to rise to elevation 1,060, or during the occurrence 
of the assumed maximum earthquake. The maximum earthquake 
was assumed to occur when the reservoir was filled to the top of the 
drum gates in their raised position at elevation 1,034. 

The nonoverflow or abutment sections shown in figure 26 have a 
base thickness of 203.09 feet at the assumed minimum foundation 
elevation of 800 feet above mean sea level. In the spillway section, 
for purposes of analysis, a theoretical 0.70 downstream slope was 
assumed between the end of the ogee crest curve to the foundation 
level, and the apron curve near the base of the section was ignored. 
Thicknesses of cross sections in the spillway section below the end of 
the ogee crest curve are 7 feet greater than at corresponding elevations 
in the abutment sections. 

The principal items of specified structural data which controlled 
the final dam design are as follows : 

1. Elevation of top of dam, 1,061. 

2. Width of top of dam in abutment sections, 20 feet, not including 
4-foot overhang. 

3. Location of spillway, main river channel. 

4. Total length of spiliway, 300 feet (excluding two piers) . 
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5. Spillway control, three 100- by 14-foot stabilized drum gates. 

6. Elevation of permanent spillway crest, 1,020. 

7. Elevation of top of drum gates, raised position, 1,084. 

8. Required thickness of concrete on upstream side of drum gate 

chamber, 15 feet. . _ . 

9. Radius of the drum gate section of ogee curve, 34 feet. 

10. Alignment of vertical portions of upstream face straight and 
continuous through spillway and both abutment sections. 

Assumptions . 

The following assumptions were made in the stress and stability 
analyses : 

1. Vertical stresses vary as straight lines from upstream to down- 
stream face of dam at all elevations and at all locations in both 
spillway and abutment sections of the dam. 

2. Stresses at faces of dam act in directions parallel to the slopes 
of the faces and are equal to the calculated vertical stresses divided 
by the squares of the cosines of the angles between faces and the 
vertical. 

3. Uplift pressures vary as a straight line from full reservoir pres- 
sure at the upstream face of the dam to zero pressure or to tail water 
pressure, whichever is greater, at the downstream face. 

4. Uplift pressures according to the above curve act over two- 
thirds the horizontal area of the base and over two-thirds the areas 
of the horizontal concrete sections analyzed at elevations above the 
base, uplift pressures being assumed to act in the pores of the concrete 
as well as upon the plane of contact between the concrete and the 
foundation rock. 

5. Maximum earthquake assumed to have an acceleration equal to 
one-tenth of gravity, a period of vibration equal to one second, and 
a direction of vibration at right angles with the axis of the dam. 

_ 6. Maximum effect of earthquake shocks during the empty condi- 
tion of the reservoir occurs when the inertia force of the dam caused 
by the earthquake is acting in an upstream direction. 

7. Maximum effect of earthquake shocks during the condition of 
full reservoir occurs when both the force of the water and the inertia 
force of the dam caused by the earthquake are acting in a down- 
stream direction. 

8. Effects of earthquake shocks during both conditions of reservoir 
loading assumed to be resisted entirely by gravity action. 

9. Shear resistance to any elevation assumed to be increased by the 
coefficient of friction times the summation of vertical forces acting 
at that elevation. 

10- Lowest foundation level assumed in the analyses to be at ele- 
vation 800 in both spillway and abutment sections. 

Constants used in stability analyses were : 

1. Unit weight of water, 62.5 pounds per cubic foot. 

2. Unit weight of concrete, 150 pounds per cubic foot. 

3. Modulus of elasticity of concrete in compression and tension. 
4,000,000 pounds per square inch. 

4. Modulus of elasticity of concrete in shear, 1,667,000 pounds per 
square inch, reduced to 1,333,000 pounds per square inch to allow for 
nonlinear distribution of shearing stresses from the upstream to the 
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downstream face of the dam, the analytical studies being made on 
the basis of a straight line distribution. 

5. Modulus of elasticity of foundation and abutment rock in com- 
pression and tension, 4,000,000 pounds per square inch. 

6. Ratio of modulus of elasticity of foundation and abutment rock 
to modulus of elasticity of concrete, unity. 

7. Coefficient of friction of concrete on rock or concrete on con- 
crete, 0.65. 

8. Ultimate strength of concrete in shear, 400 pounds per square 
inch. 

Design studies. 

Analyses of stress distribution, sliding factor, and factors of safety 
against failure in shear for both spillway and abutment sections were 
made for the following assumed loads : 

1. Hypothetical flood conditions. Full water load carried by 
gravity action. Reservoir water surface elevation 1,052. Drum 
gates raised. ^ Tail water surface elevation 847. 

2. Reservoir empty. Dead loads carried entirely by gravity action. 

3. Maximum flood conditions. Full water load carried by gravity 
action. Reservoir water surface elevation 1,047. Drum gates raised. 
Tail water surface elevation, 839.5- 

4. Normal full load operating conditions. Full water load carried 
by gravity action. Reservoir water surface at top of drum gates in 
raised position, elevation 1,034. Tail water surface, elevation 830. 

5. Superhypothetical flood conditions. Full water load carried by 
gravity action. Reservoir water surface at top of dam elevation 
1,060. Drum gates raised. Tail water surface, elevation 859.6. 

6. Maximum assumed earthquake shock in time of normal full load 
operating conditions, elevation 1,034. Period of vibration, one sec- 
ond. Acceleration, one-tenth of gravity. Full water load carried by 
gravity action. Reservoir water surface at top of drum gates in 
raised position, elevation 1,034. Tail water surface, elevation 830. 

7. Maximum assumed earthquake shock during empty condition of 
reservoir. All loads carried by gravity action. 

8. Hypothetical flood conditions. Full water load carried partly 
by twist action and partly by gravity action. Reservoir water sur- 
face, elevation 1,052. Drum gates raised. Tail water surface, eleva- 
tion 847. 

9. Different uplift conditions during normal full load operation. 
Full water load carried by gravity action. . Reservoir water surface 
at top of drum gates in raised position, elevation 1,034. Tail water 
surface, elevation 830. 

All of the analyses listed above except (9) were made for the 
assumption of two-thirds uplift. A discussion of these analyses is 
given in appendix C. 

No analyses of the effects of sand or silt load on internal stress 
conditions were made, inasmuch as the accumulation of such deposits 
at the face of the dam would simply mean a slightly increased ver- 
tical load on the face with negligible change in any horizontal pres- 
sure or total horizontal force. 

In order to check further the adequacy of the design, a structural 
model of the abutment section of the dam was constructed and 
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tested. 2 A summary of the tests is given in appendix D. The re- 
sults of stresses obtained analytically and those obtained experimen- 
tally from the model are compared in table 20. 


Table 20 . — Comparison of analytical and experimental stresses 



1. Dead load stress at upstream face. 

2. Dead load stress at downstream face. 

3. Combined water load and dead load stresses at upstream face. 

4. Combined water load and dead load stresses at downstream face. 

For analytical stresses see figure 321, appendix C. ... 

Experimental stresses were obtained from strain measurements on model (see appendix D). 
All stresses are in pounds per square inch. 


Foundation. 

Stability studies \ — In tlie gravity analyses the foundation under 
the dam was not taken into consideration except as to the implied as- 
sumptions that the foundation is equal to or stronger than the concrete 
of the dam. It was thought, however, after considerable study, that 
such might not be the case due to the stratification of the rock under- 
neath the dam which dips slightly downstream. The Authority, 
therefore, made stability studies of the possibility of sliding in the 
foundation, assuming that sliding might occur along some plane within 
the rock more readily than between the base of the dam and the rock 
or along a horizontal plane in the concrete. 

The analysis as to the stability of the possible weaker zone in the 
foundation rock resolved itself into the determination of the “factor 
of safety” under this assumption. However, in dealing with the 
stratified rather than a homogeneous rock it became necessary to de- 
termine : 

1. The probable “plane of least resistance 55 under the body of the 
dam together with the forces resisting sliding and the forces tending 
to cause sliding along this plane. 

2. The rational assumptions as to the manner in which the rock 
downstream from the dam would fail if sliding of the overlying rock 
and the dam were actually to commence along the “plane of least 
resistance. 55 

3. The resistance of the “toe rock 55 to such sliding. 

. ^ this study the cross-section of the spillway and abutment sec- 
tions, the structural data, and the unit weights of water and concrete 
were the same as those used for the gravity analyses and twist studies. 


EUdred B Tests on Plaster-Celite Model of Abutment Section of Norris Bam 
XL S. Bureau of Reclamation Technical Memorandum No 483 01 JNOrris - uam - 

by C01 - F ' W ' ScbeIdenhelm - * of the Authority's 
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The weight of rock was assumed at 160 pounds per cubic foot. The 
conditions and assumptions used for the calculations were : 

1. The most severe conditions within the limits of probability. 

2. The most severe possible conditions within the limits of reason. 

3. Assumptions arrived at after experiments had been made to 
check the propriety of assumptions (1) and (2). 

The assumed values taken for these three conditions are given in 
table 21. 

Table 21. — Assumed values jor stability studies 


Assumptions 


Condi- Condi- Condi- 
tion 1 tion 2 tion 3 


1. Coefficient of internal friction 0. 70 

2. Pure shearing resistance in “planes of sliding" under dam (i. e. approx- 

imately parallel to the bedding plane) pounds per square inch 500 

3. Pure shearing resistance in “planes of shearing" m toe rock (i. e. across 

bedding) pounds per square inch 600 

4. Proportion of intact rock in “planes of sliding” under dam percent. _ 45 

5. Proportion of intact rock in “planes of shearing” in toe rock do 75 

6. Dip, downstream, transverse to axis of dam degrees. . 5 

7. Angle of rupture of toe rock with horizontal to provide minimum resist- 

ance degrees _ . 


0.60 

300 

400 

35 

50 

3 


0.75 

500 

600 

35 

50 

3 

33 


Tests to determine the shearing strength of the rock indicated as 
a reasonable minimum value, 

^=1,100 + 0.85^ 

in which JS is the unit shearing strength in pounds per square inch 
resisting any movement, 1,100 is the pure shearing strength of the 
material in pounds per square inch, and q is the unit compressive load 
in pounds per square inch exerted transverse to the plane of shearing. 
The factor 0.85 is the coefficient of internal friction. 

In- view - of these tests, it was apparent that condition No. 2 was 
too severe and was in fact somewhat beyond the bounds of reason. 
For this reason, condition No. 3 was developed and is believed to 
show the most severe conditions which could reasonably be applied 
to the foundation of the dam in the light of experimental evidence. 

The reductions in pure shearing resistance from 1,100 pounds per 
square inch to 500 and 300 pounds per square inch, respectively (see 
table 21) , were made to allow for the fact that the test pieces may 
have been stronger than the rock as a whole because the test pieces 
were large pieces of core remaining after the drilling had broken 
up some of the other material. The value of coefficient of friction 
is increased in condition No. 3 because the tests previously referred 
to seem to justify this increase. 

In addition to the above data the following conditions were also 
considered in these computations: 

1. Beservoir water at elevation 1,052 and at elevation 1,060. 

2. Corresponding tail water at elevation 847 and elevation 859.6. 

Vertical pressures acting on an assumed plane of resistance were 

made up of the weight of the concrete in the section, the weight 
of water acting on the inclined portion of the upstream face, the 
weight of the rock under the dam, and the weight of the tail water 
acting on the dam and on the downstream portion of the rock at the 
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toe of the dam. A negative vertical pressure is also present due to 

uplift. . . 

The results obtained from the analysis of assumption No. 3 give 
values of factor of safety 4.97 and 4.90 for the abutment and spill- 
way sections, respectively, with reservoir water at elevation 1,052 
and tail water elevation 847. Sample calculations for these analyses 
are included in appendix C. 



Figure 28 . — Treatment of step in foundation. 


t Step vn fovmdation . — As the investigation of the rock and founda- 
tion conditions progressed during excavation and in the 36-inch core 
holes, it was found that certain seams in the foundation gave indi- 
cations of offering less resistance in sliding than was desirable. It 
was also believed that the joint between concrete and rock offered more 
resistance to horizontal movement than the seams in question. One 
particularly unfavorable condition existed at a seam in the rock about 
10 feet below the rock surface to which the original excavation was 
made. The consulting board reviewed this condition and decided that 
this seam could not be effectively treated by grouting and should be 
removed. The rock was therefore excavated down to the seam between 
the side lines of the spillway and a line 110 feet downstream from the 
axis of the dam. 

The effect of the resulting “step” in the foundation rock, being rather 
unusual in dam foundations, was investigated 4 and was found to 


4 Waldorf, W. A., Memorandum to Chief Designing Engineer 
tion, July 16, 1934. Houk, Ivan E., Memorandum to Chief 
Bureau of Reclamation, July 17, 1934. 


TJ. S. Bureau of Reclama- 
Designing Engineer, U. S. 
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present a source of stress concentration in the concrete which was not 
altogether desirable. 

In view of the findings of this investigation, the top edge of the 
“step” was roughly rounded as shown in figure 28 in order to reduce 
the expected concentration of stress in the re-entrant angle. In addi- 
tion a considerable amount of reinforcing was inserted in a plane 
normal to the greatest stress to minimize cracking of the concrete. 

Grouting . — The general plan for grouting the foundation rock 
under the dam provided for low pressure grouting over the entire area 
followed by high pressure deep curtain grouting. 


AXIS OF DAM 

r El. 1056. SO 




• *•^7 Grouting ' gallery •' V 

\ vii? ioVt : : /.*• :'A 
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HIGH PRESSURE GROUT AND GAGE HOLES 
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DEFORMATION GAGE 


Figure 29. — Foundation deformation gage. 


Prior to the placing of any concrete in the dam the design provided 
that the near-surface rock of the foundation under the main dam be 
grouted by means of the shallow holes 20 to 30 feet in depth. The 
purpose of this relatively shallow grouting was to secure general 
consolidation in the upper layers of the rock so that deeper pene- 
tration and more effective sealing might be secured with higher 
pressures in grouting the main cut-off curtain. The actual number 
and spacing of the holes and pressure to he used for the grout injec- 
tions were determined by the nature of the shallow depth, rock as 
revealed by excavation and the results of water pressure or the tests 
and the grouting operation. 

The main cut-off or grout curtain was provided "by the high pres- 
sure grouting of deep holes drilled at 10-foot centers on a line 5.75 
feet downstream and parallel to the axis of the dam, except in a sec- 
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don of the west abutment where the holes were located slightly up- 
stream from the axis. These holes, with an upstream dip of 80° from 
the horizontal were drilled from a gallery placed as close to rock as 
practical and to a depth of 70 feet under the maximum section in- 
creasing uniformly to 200 feet at the ends of the abutment sections. 
In the earth fill at the east end the holes were immediately under the 

cut-off wall. . 

Prior to drilling the deep curtain grout holes, vertical holes on 
60-foot centers on the same line as the deep grout holes were drilled 
to a depth approximately 10 feet deeper than the grout holes. De- 
formation gages (see fig. 29) were installed in these holes for the 
purpose of observing vertical movement of the foundation due to the 
grouting operations. The information was used in deciding limits 
for grouting pressures that could be applied with safety. A detailed 
discussion of the grouting program is given in chapter 6. 

Drainage . — For drainage, the design provided for a series of holes 
at 40- to 100-foot centers on a line 10.75 feet downstream from and 
parallel to the axis of the dam, inclined so^ as to drain the foundation 
on the downstream, side of the grout curtain zone. Drilling was done 
from the grouting* and drainage gallery, and in general to a depth 
slightly less than the deep grout holes. 

The drainage holes were not drilled until all grouting within a 
distance of 150 feet had been completed. The depth of the drainage 
holes in general was slightly less than the deep grout holes. 

The drainage system under the spillway apron and the left training 
wall consists of 24-inch diameter bell and spigot half-circle concrete 
gutter pipe laid in an inverted position on bedrock. The lines of pipe 
are perpendicular to the axis of the dam and spaced on 28-foot centers 
midway between contraction joints of the apron. These are connected 
to a transverse header of 36-inch half-circle gutter pipe located 3 
feet downstream from the contraction joint between the dam and the 
apron. Two 24-inch diameter cast-iron pipes located next to the train- 
ing walls drain the transverse pipe into the spillway apron. 

The area immediately behind the west training wall is drained by 
two lines of 8-inch semi-circular drain pipe located along the heel of 
the wall and covered with a 12-inch blanket of gravel. A 12-inch out- 
let through the downstream wall is provided at elevation 813.5. 

Tests on, foundation rook . — Tests 6 of rock cores taken from the 
foundation included determination of the specific gravity, absorption, 
saturation under high hydrostatic head, elastic properties, and com- 
pressive strength. Table 22 shows the result of these tests. A com- 
parison of the values obtained from similar tests on cores of the foun- 
dation rock of Boulder and Grand Coulee Dams with the values ob- 
tained from the Morris cores is shown in table 23. These tests 
indicate that from a standpoint of strength and elastic properties the 
foundation rock is adequate to withstand the load which will be 
imposed in service. 


Sv Progress Report, Tests of 4% -inch Diameter Dolomite 
Rock Drill Core and 17-ineh Diameter Concrete Drill Cores from Norris Dam Site 
TT. S. Bureau of Reclamation Technical Memorandum No. 481. 
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Table 23. — Comparison of foundation rocks — Norris , Boulder, and Grand Coulee 


Ultimate com- 
pressive strength 
in pounds per 
square inch 


Modulus of 
elasticity in 
millions of 
pounds per 
square inch 


Poisson’s 

ratio 


Stress in 
pound per 
square inch 
of Secant 


Bam Type rock 




W 


Boulder Breceio 

Grand Cot> Granite 

Norris Dolomite — 


mx&M 


9, 260 
5,280 

15 1 17, 200 


15, 920 
15, 500 

28, 150 


22,100 

29, 700 

37,100 3.4 


7 . 5 | 0 . 19 | 0 . 24 | 0 . 38 | 


5.4 


2.000 to 3,000 

1.000 to 2,800 

3,000 


Note Boulder Dam is located on the Colorado River between the States of Arizona and Nevada. 

Complete data on these cores are recorded in Technical Memorandum No. 304 of the Bureau of Recla 
mation. Grand Coulee Dam is located on the Columbia River in tne State of Washington. Complete data 
on these cores are recorded in Technical Memorandum No. 459 of the Bureau of Reclamation. 



Contraction joints. 

The concrete section of the dam is divided into 28 separate mono- 
liths (see fig. 26). The joints that divide the dam into these blocks 
are vertical and normal to the axis of the dam. They also served 
to divide the dam into convenient working nnits during construction. 
The primary objective in providing the joints, however, was to allow 
for the normal shrinkage due to cooling as the heat of hydration of 
the cement was dissipated from the structure. In this maimer the 
cracks winch would naturally have formed in the monolith due to 
cooling shrinkage were controlled as to location and shape. No 
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longitudinal joints were provided in the structure for transverse 
shrinkage. 

In the spillway apron section contraction joints are provided which 
divide the apron into blocks either 50 or 55 feet long and 28 feet 
wide. No provisions were made for grouting the apron joints. 

Grouting arrangements . — The design provided that when the 
structure reached an internal state of temperature stability and all 
the shrinkage due to cooling and other factors causing shrinkage had 
taken place, the joints would be filled with cement grout and the 
dam would then approach a monolithic structure. The plan contem- 
plates introducing the cement grout into the joints under pressure 
through grout cells to which the grout would be conducted through 
an arrangement of piping embedded in the concrete. The piping 
terminates in the downstream face of the dam where connections will 
be made to grout pumps and mixers for introducing the grout into 
the joints. Each joint is divided into sections by the introduction of 
copper grout stops placed at intervals of 50 feet vertically and which 
join the grout stops at the downstream face and the water stop at the 
upstream face, thus dividing each joint into isolated areas 50 feet high. 
Grout stops were also provided around all openings such as the gal- 
leries which cross contraction joints. This arrangement is provided 
so that the grouting procedure can be conveniently controlled in defi- 
nite areas as the grouting proceeds. 

Details of installation . — The arrangement and spacing shown in 
figure 30 provides one cell for each 50 square feet of joint, and is typical 
for all joints. Minor variations from the set plan occurred to ac- 
commodate special shapes or features of the structure. In general, 
two l^-inch. headers were provided in each 50-foot section, one about 
2 feet 9 inches above the bottom grout stop and the other about 1 foot 
below the top grout stop. The headers are connected by ^4-inch verti- 
cal risers except that some of the vertical risers are terminated in 
recesses where they intersect the sloping downstream face of the dam. 
The two 114 -inch headers are also terminated in the downstream face 
of the dam. The 14 - inch risers are connected to the cells as shown in 
the detail on figure 31. The headers and the grout stops were placed 
to follow the 5 percent slope of the horizontal construction joints. 

The grout cells consist, as shown in figure 31, of two electric conduit 
outlet covers placed with the flanges matching. The half cells (one 
outlet cover) are embedded in adjacent blocks and anchored so that 
upon opening of the joint the half cells will separate and allow the 
grout to escape into the joint. 

The vertical water stops placed 9 inches from the upstream and 
downstream faces of the dam span the joints between blocks. The 
upstream water stop is made from United States standard No. 16- 
gage annealed copper 14 inches wide crimped so that 6 inches of the 
strip is embedded in the concrete of each block and a 1-inch crimp 
is provided to allow movement of the blocks. The grout stops, located 
horizontally and 9 inches from the downstream face, respectively, are 
made of United States standard No. 2'0-gage annealed copper strips 
9 inches wide. Both the water stops and grout stops are connected 
by means of riveting and soldering. 

Provision is made for grouting at the abutments and other places 
where the rock-to-concrete joint lies approximately normal to the axis 



84 


THE NORRIS PROJECT. 


and is inclined sufficiently to allow the formation of a shrinkage sepa- 
ration at the contact. Water stops at the upstream face and grout 
stops at the downstream face were embedded in rock and concrete 
across the contact. Grout cells were provided by concreting half of a 
cell with nipple attached into a drill hole in the rock approximately 6 
inches deep to which the other half of the cell was attached. The outer 
half of each cell is attached to the grout piping system. 



Grouting specifications . — The contraction joints are designed to be 

f routed in separate lifts as provided by the horizontal sealing strips, 
entative specifications for grouting prescribe the following method : 

Just before grouting any section of a joint tbe section to be grouted and all 
other sections of ungrouted joints at tbe same level in tbe dam shall be filled 
with water which shall be applied so that the water level in all joints is kept 
at appro x i ma tely the same elevation during tbe filling. During grouting the 
water level in the joints shall be maintained at approximately the elevation of 
tbe top of tbe section being grouted. Tbe grout shall be pumped into the bottom 
header of tbe system of the section forcing the water out of the joint ahead and 
above the grout. The outlet end of each pipe shall be left open until grout of 
proper consistency for retention in the joints begins to flow from it, whereupon 
it shall be capped. The pressure applied! to the bottom header shall be such 
that the resulting pressure at the top of the section being grouted will be 
approximately , but not in excess of, 50 pounds per square inch. The required 
pressure will be maintained after the system ceases to take an appreciable 
amount of grout by means of a stop-cock in the header pipe or other suitable 
device. 
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Time of grouting . — The best time for grouting will be determined 
from observations of the temperature conditions with in the dam as 
indicated by the thermometers embedded in the mass for the purpose 
of temperature studies. Preliminary studies indicate that this 
grouting should probably be done during the spring of 1940. 

Special investigations . 6 

A program was initiated at the beginning of construction to in- 
vestigate temperatures, strains, contraction joint openings, deflec- 
tions, hydraulic uplift, and other characteristics in the dam and 
foundation in connection with the construction and the operation of 
the structure in service. Final results of these investigations will 
be presented in a later report when more complete data are available. 
Only a brief description of the general program will be included 
here. 



Scale o 

L 


50 

i 


100 Feet 


SECTION THRU DAM AND FOUNDATION 
AT STA 17 + 72.75 

BLOCK 36 


Figure 32. — Typical installation of thermometers. 


Temperatures ; — Temperatures at various locations in the dam are 
measured by Carlson resistance thermometers cast in the concrete or 
grouted in the drill holes of the foundation. Three-conductor lead 
wires from each thermometer are brought to terminal boards at con- 
venient locations in galleries of the dam. Resistance measurements 
by a Wheatstone bridge of special design connected to the thermom- 
eter leads furnish data for computing temperatures of thermometer 
and adjacent concrete. A typical installation of thermometers in 
the dam and foundation is shown in figure 32. 

Strains . — Strains in the concrete are measured by Carlson elastic 
wire strain meters embedded in the concrete. Two construction 
blocks of the dam are being investigated near the foundation for 

® For further details see article by Douglas McHenry and Roy W. Carlson, Measuring 
Dam Beharior, Engineering News-Record, 122 : 440<-442, March 30, 1939. 
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distribution of stress. Three stations with 12 meters at each station 
were installed in each block as shown on figure 33. Meters are 
installed in duplicate. “ISTo stress” meters are installed to furnish 
data on length change due to such properties as moisture and tem- 
perature of unstressed concrete. The installations, as shown, furnish 
data for computations of strain in a plane at right angles to the 
axis of the dam. Both three- and four-conductor lead wires are 
used for the strain meters, three-wire leads for meters to compute the 
strain only, and four-wire leads for meters to measure both strain 
and temperature. 




. SECTION THRU BASE OF DAM-STA 19+64 
SHOWING 5TRAINMETER GROUPS WITH RESPECT TO FOUNDATION ROCK 

Figure 33. — Typical strain meter installation . 


W rihp roper changes in connections, strain meters are read bv the 
same Wheatstone bridge used for thermometers. Operation of the 
meter, as the name suggests, depends on change in elongation of 
e astic wme being proportional to its change in electrical resistance. 
rr.LTZT-1 Contraction joint openings are being 

e J? stl ? wire lomt meters similar in construction to the 
P De " half °i tlle “ e ter is cast in each block separated 
ITf 1° 1)6 measa r d -’ and cllan ge tn the length of the meter 
of °* th ®J°i nt opening. The meters have a range 

oKT S one-fourth inch and a minimum reading of about 
0.0007 inch. Three- or four-conductor leads are used as for the 
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strain meters depending on whether the joint opening only or both 
joint opening and temperature are desired. The same bridge is used 
for reading joint meters as for thermometers and strain meters. 

Deflection .— Deflection of one block of the dam is being measured 
by a plumb line suspended in a vertical shaft connecting the 1,051 
gallery, the 880 gallery, and the 811 gallery, in block 35. Provisions 
were made for the accurate reading of the plumb line at the 880 gal- 
lery and at the 811 gallery; the 
top of the line, at the 1,051 gal- 
lery, remains fixed. A movable 
micrometer head microscope and 
fixed glass scales permit observing 
the location of the % 4 -inch stain- 
less steel wire plumb line to within 
0.0005 inch. Horizontal measure- 
ments both parallel and at right 
angles to the axis of the dam are 
made. The weight attached to the 
free end of the plumb line is sus- 
pended in a small tank of kerosene 
to dampen vibration. The line is 
entirely protected from external 
air draft except at the small open- 
ings used for making observations. 

Results to date indicate that tem- 
perature deflections far over- 
shadow the load deflections, 
change in deflections between 
winter and summer being at least 
0.45 inch for the section of the dam investigated. During initial fill- 
ing of the reservoir in the spring of 1936, the top of the dam actually 
deflected upstream 0.3 inch due probably to temperature changes. 

Hydraulic uplift . — Provisions are made for measurement of hy- 
draulic uplift pressures at various locations in the mass of the dam 
and at the foundation. The details of cells and piping and location 
are shown in figure 35. 

HYDRAULIC FEATURES OF DAM 

Spillway. 

The spillway was located in the river channel. This arrangement 
permits the use of the hydraulic jump pool at a favorable location and 
results in the safest and most economical device for dissipating the 
energy of the spillway discharge without destructive erosion. The 
channel of the spillway, confined between two concrete training walls, 
is upon the downstream face of the spillway section of the dam proper 
and the hydraulic jump apron. 

The discharge capacity of the spillway (drum gates down) with 
water surface at elevation 1,034 is 54,000 cubic feet per second. An 
additional discharge of 38,500 cubic feet per second with water 
surface at elevation 1,034 is obtained by means of the eight slide 
gate outlets. Calibration curves for the spillway gates were secured 
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$TA 20 + 06 

Figure 34 . — Contraction joint meter 
installation . 
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through model experimentation. 7 Details of the gate calibration 
model studies are described in appendix D. 

Drum gates . — The reservoir level above the normal crest of the 
spillway (elevation 1,020) is controlled principally by drum gates 
located at the top of the spillway section. Slide gates regulate the 
flow through the outlet conduits and thus control the reservoir level. 
The drum gates are for the control of the reservoir level at flood 
stages and to provide 517,000 acre-feet of flood storage between the 
crest elevation and the top of gates in a raised position. In addition 
there is an uncontrolled flood storage from elevation 1,031 to elevation 
1,052, or an additional 800,000 acre-feet. 




PLAN OF FOUNDATION 
Showing loca+ion of uplift cells 4 piping . 


BLOCK 38 FOUNDATION 

Figure 35. — Uplift measuring equipment. 


The drum gate installation consists of three separate complete units, 
each 100 feet long and 14 feet high when raised to the closed position. 
Each unit consists of a structural steel buoyant drum in the shape of 
a modified section of a cylinder of approximately 15-foot radius and 
which is hinged along the upstream side to the dam; a chamber for 
the drum, recessed in the concrete spillway crest ; and a piping system 
w jtl\ valves, controls, and indicators for regulating the water level 
within the chamber and thereby the position of the gate. In the open 
or down position the drum forms a part of the spillway crest. 

Forty- three cast steel hinge units support the rolled bronze hinge 
pins. Each casting is anchored to the dam by four bolts embedded 
m the concrete. The hinges were designed to provide for temperature 
expansion of the drum. Ope end hinge pin, keyed to the drum and 
extended through the wall, is connected to the gate-control mechanism. 

Charles W., Hydraulic Model Experiments for the Design, of the Norris Dam 
TL S. Bureau of Reclamation Technical Memorandum No. 406 g 0 JNorris AJam ’ 
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A gate seat of semisteel 8 castings is provided along the downstream 
side of the gate chamber to support the drum when in the down posi- 
tion and to limit the upward movement. These castings are anchored 
to the dam by 50 bolts. 

Built-up structural steel girders form the framework of the interme- 
diate sections of the gate. End sections are made from a combination 
of I-beams, channels, and buckle plates. Skin plates % inch thick 
are riveted to the girders to form the covering of the gate. The joints 



ELEVATION AT PIERS 2&3 0 SECTION D-D 

LOOKING DOWNSTREAM 



TYPICAL HINGE ASSEMBLY 

Figure 36 . — Drum gate , general arrangement and details. 


between plates are welded for watertightness. The downstream skin 
plate rivets are countersunk and ground flush with the plate. The 
welds are also ground flush. 

Grate seals are provided to prevent^ loss of water from, the well 
during operation. The upstream seal is effected through contact be- 

s Semisteel — High-Test Gray Iron, Castings, Federal Specification QQ— 1-656. 
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tween a fixed plate attached to the hinge anchor and a movable plate 
concentric with the hinge pins and attached to the gate. The down- 
stream seal is fastened to the gate seat and is in contact with the 
downstream face of the gate. An upper filler seal contacts the top of 
the gate seal and seals the gate in the down position. End seals con- 
tact the concrete piers at the ends of the gate and prevent leakage past 
the gate, and packing glands prevent passage of water into the operat- 
ing chamber. It was originally intended that semisteel pier plates he 
used to provide smooth and true contact surfaces for the end water 
seals of the drum gates. Because of the infrequent use of the gates 
and the smooth concrete surfaces obtainable in construction it was felt 
that the pier plates could he omitted. The surfaces of the concrete 
piers are true and smooth, and operating results have shown that this 
omission was justified. The gates have been operated under an 11-foot 
head of water with no indication of leakage past the end seals. This 
el imin ated 104,000 pounds of cast semisteel plates. 

Water for operation of the gates is directed into the gate well from 
the reservoir through a 48-inch pipe. The intakes for these pipes 
are formed in the piers, and vertical steel bar trashracks shaped to 
conform with the piers protect against the entrance of foreign matter. 
A transition section from rectangular at the trash rack to circular 
at the upstream end of the pipe is formed in the concrete of the pier. 
A motor-operated 48-inch gate valve with provisions for manual 
operation in case of emergency controls the flow of the water into the 
well. Discharge from the well is effected through a 24 -inch line in 
which is located a 24-inch differential control valve and a 24-inch 
hand-operated gate valve. A bypass line for emergency operation 
is also provided in which is located another 24-inch gate valve. 
Leakage into the drums is drained away through two 4-inch drain 
holes connecting each drum with a flexible hose to the operating 
gallery drain trench. 

The gates are operated by water in the chambers. Buoyancy of the 
metal drum causes it to rise or lower with changes of water level of the 
well. The operating mechanism is designed to provide regulation of 
the gate crest at any desired position between elevations 1,020 and 1,034. 

The control mechanism consists essentially of : a 24- inch differential 
control valve; a cable which connects a pilot valve of the differ- 
ential control valve with a weighted anchorage which rests upon an 
adjustable supporting table; counterweight; two sheaves over which 
the cable passes between the valve and anchorage, one of which is 
mounted free to turn on the hinge pin of the gate and the other at 
the end of an operating arm which in turn is rigidly attached to the 
gate hinge pin which moves with the gate. 

In operation, water enters the gate chamber through the 48-inch line 
and buoys the gate up. As the gate rises the hinge pin and the operat- 
ing arm rotate. The upward movement of the operating arm tightens 
the cable between the weight and the pilot valve on the differential 
control valve. The gate continues to rise slightly past the desired 
position and the resulting tension in the cable, acting on the pilot 
valve, imparts an opening motion to the differential control valve and 
releases water from the gate chamber. The gate then lowers slightly 
allowing the valve to close. This cycle is repeated several times, with 
decreasing motion each time, until the gate reaches a stable position. 
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The position is maintained as long as the inflow from the reservoir and 
the discharge are equal. A. change in position of the gate is effected 
by resetting the supporting table for the anchorage. Operation de- 
pends on the balance of flow obtained between the intake valve and the 
differential control valve. The position of the intake valve must be 
adjusted to a flow within the operating range of the differential valve, 
account being taken for all leakage at the drum gate seals. The gate 
can be controlled by means of the hand valve in the bypass line in case 
of failure of the differential control valve. By using the weighted 
type of anchorage, the pull of the cable on the pilot valve stem, when 
fully up, is limited to a safe amount. 



Figure 38 shows discharge rates over one of the spillway gates 
with the reservoir at different elevations. These curves were devel- 
oped from laboratory model tests and will be checked by actual 
discharges over the spillway as recorded during operation of the gates. 

The original drum gate design provided a mechanism for auto- 
matically moving the gates to hold the reservoir at any desired stage 
above the spillway crest. Owing to the extensive surface area of 
Norris Reservoir, local changes in level could be caused by wind and 
barometric conditions that would be relatively large and without re- 
lation to changes in storage volume. Under such conditions extremely 
erratic gate operation could result from any automatic connection be- 
tween gate position and reservoir level at a single point such as at 
the dam. 

The control system was therefore redesigned by the Authority’s 
staff for manual operation upon information that would generally be 
available such as weather forecasts, rainfall and river flow observa- 
tions, as well as the approximate reservoir stage. An incidental ad- 
vantage of the modified design was its considerably lower cost as the 
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result of the elimination of such items as three float wells in the spill- 
way piers, a system of equalizer header piping, a long drain header 
extending under all three drum gates and down the west training wall 
three 57-inch butterfly inlet valves, and a complicated cable control 
for the differential valves. 

^ The system as installed is entirely manually operated but has stabi- 
lizing features to hold the gates at any desired position and has 
functioned entirely satisfactorily. 



Training walls — The training walls on each side of the spillway 
were designed to withstand differential water loading as determined 

wer?7m . eXP T mentatl0n - 9 - T h allowable stresses u s*d in tlie Em 
:nTS°Zi S r r . SqUare mch f ? r l he compressive stress in concrete, 

ment S2? Squai i? mcl \ fo F the Ensile stress in reinforce- 

ment bars. The training walls are both constructed of reinforced con- 

S-l- of same design for the portion extending down the 
face of the dam from the top to elevation 870. There, the rio-ht wall 
ties into a gravity type wall which, extends to the end of the hydraulic 
, ties into the west end of the powerhouse 

winch forms the section immediately downstream. Downstream from 
the powerhouse die waU is a reinforced concrete cantilever. The base 
ci«K 16 on 11 t j 6 s P^ lwa y s *de forms a part of the spillway apron 
Slab ~ The WaU downstream from the powerhouse wafSdT™ 


• See appendix D. 
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cofferdam during construction and additional reinforcing steel was 
placed in the wall to take care of this condition. 

Hydraulic jump pool . — The hydraulic jump pool, designed to dis- 
sipate the energy of the water flowing over the spillway, is formed 
by the two training walls and a sill at the downstream end of the 
apron. The apron slab has a minimum thickness of 4 feet 9 inches 
and is monolithic with the 12-foot sill. Reinforcing bars grouted 
into the drill holes anchor the apron to the foundation rock. The 
final arrangement and details of the size of the jump pool were 
reached after thorough study by model experiments. These model 
studies are described in appendix 3). 

Outlet conduits. 

Eight outlet conduits are provided in the base of the dam in the 
spillway section for discharge of water during low stages of the 
reservoir and as an added discharge capacity source in time of ex- 
treme flood. Trashrack structures are provided to protect against 
the entrance of foreign matter. The flow through each conduit is 
controlled by a pair of hydraulically operated slide gates, one for 
regular operation and the other for emergency use. They are oper- 
ated from a chamber formed in the concrete of the dam above the 
conduits. The general design and shape of the outlet conduits were 
determined by model studies (see appendix D). 

The outlet conduits were designed to discharge approximately 

36.500 cubic feet per second with water surface at elevation 1,020 and 

39.500 cubic feet per second with water surface at elevation 1,047. 
Past gage records at Clinton indicate that 40,000 cubic feet per second 
could be passed with little or no damage along the lower Clinch River 
valley at Clinton and Kingston. The maximum recorded flow (1886) 
at Clinton is 115,000 cubic feet per second. 

Trashrachs . — Each pair of outlet conduits is provided with a 
24-foot radius semicircular reinforced trashrack structure with verti- 
cal steel trashrack bars for protection against entrance of foreign 
matter into the conduit which might interfere with the proper oper- 
ation of the gates or conduits. The structures rest on rock at 
approximately elevation 818 and extend up to elevation 906. Above 
elevation 843.5, which is the top of the base section of each struc- 
ture, the trashracks are of beam and column construction. The 
semicircular reinforced concrete beams, 2 feet 6 inches by 3 feet in 
cross section, are arranged horizontally with a clear space of 10 
feet between beams and supported by reinforced concrete columns 
spaced to give a clear opening between columns of 6 feet 2% inches 
at the outside periphery of the semicircular structure. In these 
openings between the concrete beams and columns are placed grill 
sections made up of 1- by 6-inch flat steel bars spaced 5y s inches 
apart. The top is formed by a reinforced concrete slab two feet 
six inches thick which receives additional support from three rein- 
forced concrete brackets poured monolithically with the dam. Two 
openings in the top provide access for stop logs. The trashrack struc- 
tures are tied to the dam by steel dowels placed in the dam where the 
beams and the top slab intersect the structure. The stop log grooves 
are monolithic with the dam. 



94 


THE NORRIS PROJECT 


It was originally* planned to use four semicircular trashrack 
structures, with tops extending to elevation 956. Later and more 
detailed studies of flow conditions and velocities indicated that a 
lower height would be satisfactory. The structures were redesigned 

and built to elevation 906. . . . , , . , , - ,, 

Bellmouth sections . — The original design for the inlet end of the 
outlet conduits utilized a rectangular opening in a vertical plane at 
the face of the dam. A very slight transition from a rectangular 
opening of 6 feet 8 inches by 11 feet at the stop log groove to a 
rectangular opening of 5 feet 8 inches by 10 feet at a point 6 feet 
downstream from the stop log groove was made along curved lines 
on a radius of 36 feet 3 inches at the top, bottom, and sides. This 
design was almost identical with the design for similar conduits of 
Madden Dam in the Panama Canal Zone. On the basis of Madden 
Dam experience, a revised design was developed by the Bureau of 
Reclamation which utilized a bellmouth type of entrance, and the 
Norris structure was built accordingly. 

Conduits . — The eight discharge conduits are located m pairs, one 
pair in each of four blocks of the spillway section. In plan, one 
conduit in each pair is straight. The other is straight from the 
upstream face of the dam to a point about 33 feet downstream from 
the axis, and from this point the conduits follow a curved line on a 
560-foot radius. The profile of all the conduits is level with the center 
line at elevation 865 for the first or upstream 33 feet, and at that point 
they curve downward following a parabolic path until the floor meets 
the slope of the apron of the dam. The conduits are arranged to 
discharge directly into the hydraulic jump pool. Beginning at a 
point 6 feet downstream from the upstream end, each conduit is lined 
for 48 feet with semisteel formed into castings approximately four 
feet long, each section of conduit lining being composed of two sepa- 
rate castings, one the top half and the other the bottom half. In each 
conduit two of the assembled castings form the upstream frames, and 
two more of the assembled castings form the downstream frames for 
the two slide gates. The gates are so arranged that the remainder of 
the lining for each conduit is placed with equal length of lining up- 
stream from the upstream gate and downstream from the downstream 
gate. The 6 feet of each conduit upstream from the lined portion 
and the remainder downstream are formed in the concrete of the dam. 

Gates and operating mechanism . — Each gate consists of a sliding 
leaf which seats against a frame cast as a part of one of the conduit 
lining sections, and a 24-inch oil operated hydraulic hoist located 
directly above the bonnet of the gate. The leaf of each gate is con- 
nected to the piston of the hoist with a 6-inch diameter stem. A stem 
extension is provided above each piston which may he engaged by a 
suspended semiautomatic gate hanger when the gate is in the raised 
position. _ The operating gate and the emergency gate are identical. 
The original design called for a rather complicated automatic hanger 
■ for locking the stems of 8 of the slide gates at any desired position. A 
semiautomatic hanger which would hold the gates in the fully open 
position, proposed for 8 of the gates, was used on all of the 16 gates. 
This hanger consists of two spring-mounted pawls which grip a coned 
head on the gate stem in the raised position. The pawls may be re- 
leased for lowering a gate by means of a small cable. 
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Oil for the operation of the hydraulic hoist is supplied by a single 
high pressure oil pump. The pump is a rotary gear type, driven by a 
20-horsepower motor and has a capacity of 15 to 20 gallons per minute 
at 1,000 pounds per square inch working pressure when handling oil 
at temperatures between 50° Fahrenheit and 100° Fahrenheit. It is 
capable of operating at a maximum working pressure of 2,000 pounds 
per square inch. The pressure header fittings, pressure header, con- 
trol piping, control piping fittings, and control valves are all designed 
for maximum working pressure of 3,000 pounds per square inch. The 



return piping and fittings are all standard pipe and fittings. The oil 
storage tank is of arc- welded, plate-steel construction and has a 
capacity of approximately 300 gallons. 

As a rule, only one gate is operated at a time. In the ready-to- 
operate condition, the entire system is filled with oil. The process 
of opening or closing the gate is briefly as follows : 

1. A four-way valve is turned to a position which will admit oil 
from the pump into one distribution header and admit oil into the 
return line from the other distribution header. 

2. A shut-off valve and a regulating valve are both opened. 

3. Two straight-way valves from the piping to the cylinder of the 
gate are opened. 
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4. The pump is started by a “start-stop” pusli-button statiou 
located in. the operating 1 chamber. 

o. A regulating valve is closed. 

6. "When the gate reaches the desired position, the regulating valve 
is opened. 

7. The two straight-way valves and the four-way valve are closed. 

8. The motor is stopped from the push-button station. 

An air-purging system is provided for removing entrapped air 
from the oil system. An automatic pressure switch located in the 
pump chamber stops the pump when for any reason during operation 
a condition arises which causes an excessive operating pressure. A 
pressure-unloading valve is also provided. 

A semiautomatic gate hanger is suspended above each of 16 hydrau- 
lic operating cylinders in the slide gate operating chambers. A cap 
fastened by a safety stud to the top end of the gate stem extension is 
automatically engaged by the hanger hooks when the gate is raised 
to the fully open position. The safety stud is so proportioned that it 
will break if the power is applied to close the gate without first re- 
leasing the stem, which is done by a manual operation of the hooks. 
The diameter, in inches^ of the breaking section of the stud is deter- 
mined by testing a specimen of the stud material and applying the 
following formula : 

d =D^m 


in which D = diameter of test piece of prescribed dimensions in 
inches, ? 

L = breaking load of test piece in pounds. 
w = weight of moving parts of gate in pounds. 

The weight of the moving parts of each gate is 13,580 pounds. All 
studs were turned at the smallest section to a determined diameter of 
U.fol men. 

°P erat j on t ^ ie system is Navy symbol oil No. 2190 
with the following characteristics: 


Viscosity at 130° F -ica oon 

Flash point, minimum LT_Y 35<v> 180 2201 sec03Q<3s * 

Pour point, maximum " 35° T?' ’ 

Carbon residue- ' 


Evaporation loss, maximum,! !__ !_!__!!!!_!. .!“! ago 

A.ir-inlet and bypass piping is provided for each set of gates Two 
nonslam check valves are placed in the line which serves the nr, 

^ g arrmge 4 d . so that when the downstream gate is closed 
and tbe upstream gate is open water is checked from spilling through 
the am-mteke piping downstream, from the downstream gate g 
10 T he design for venting the outlet conduits specified eight 

l^-inchdiameter air lines carried upward from elevation 870 to 1050 
This system, m the mam, consisted of 3,622 feet of 12 inch Brem 

simplified using 168 feet^f ' 2^ineh iTOnlteSTd^te andlsTfl^of 
30-mch formed ducts for two risers, together with the necessary 
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8-inch and 12-inch cast-iron piping, fittings, and check valves to carry 
the air to the gates from the 24-inch header line at about eleva- 
tion S84. 

EAST EMBANKMENT 

The eastern 290 feet of the dam is formed by a rolled earth fill 
with a reinforced concrete core wall. The core wall extends an ad- 
ditional 294 feet into the east abutment- The formed section of the 
core wall above the original ground line is 5 feet thick. In order 
to assure an impervious foundation condition in the rock below the 
core walk a tunnel 675 feet long was driven and concreted, following 
a seam of unsound rock at approximately elevation 965. Two shafts 
extending from the bottom of the open core wall trench down through 
rock to the tunnel at elevation 965, approximately 75 feet and 180 
feet respectively from the west end of t-lie tunnel, served for excava- 
tion and concreting. The former shaft was completely concreted. 
The latter was concreted to elevation 970, left open from elevation 
970 to elevation 1,000, and above elevation 1,000 was concreted with 
a manway provided in it for further observation of underground 
conditions. At the bottom of the east end of the core wall another 
tunnel was carried 65 feet eastward and was concreted with the core 
wall (see figure 26). In anticipation of possible downstream move- 
ment of the embankment section, slip joints were provided at two 
vertical contraction joints of the core wall, and at horizontal joints 
between the first and second pours, beginning at the connection be- 
tween the core wall and the gravity section and extending 403 feet east 
to the most eastern vertical slip joint. One of the vertical slip joints 
was provided at the connection between the core wall and the gravity 
section, and the second is provided 9 feet east of the manway -leading 
to the open shaft. 

The trench for the base of the concrete core wall extends east into 
the hill for a distance of 500 feet from the east end of the .gravity 
section. The trench averages 5 feet wide and extends to sound rock. 
Beginning at the west end of the trench (the east end of the gravity 
section cut), the rock averages elevation 965 for the first 180 feet 
beyond which, after a vertical step-up to about elevation 1,004, tbe 
rock slopes up unevenly to elevation 1,050 at tbe extreme east end 
of the trencli. 

The earth fill portion of the embankment consists of suitable clay 
material from borrow pits in the vicinity of the fill. The material 
was placed in layers, so that when completely compacted, the layers 
were not more than 6 inches in thickness. Recently developed meth- 
ods 10 for controlling compaction of rolled earth fills for dams were 
specified for checking the degree of compaction obtained in the fill. 

The portion of the fill upstream from the core wall is protected by 
a layer of rock riprap laid on a gravel blanket. At the toe of the fill, 
a trench 4 feet wide and between 2 and 3 feet deep provides a 
footing for the toe of the riprap. The gravel blanket consists of 
%-inch to 114 -inch crushed stone from concrete aggregate storage, 
spread to a thickness of 1 foot over the entire surface of the fill. 

«> Proctor, R. JR., Rolled Earth Dams, Engineering- News-Record, vol. Ill, pp. 245—248, 
2S6-289, 348-351, 372-376. 

155813 — 40 8 
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Stone from the aggregate quarry, ranging in size from y 2 cubic foot 
to 2 cubic yards, placed to conform approximately to the shape of 
the surface of the earth fill, completes the riprap. 




Figure 40 . — Details of earth embankment. 

The downstream fill is protected against erosion by a blanket of 
lespedeza grass. Three drainage ditches at approximately elevation 
1,045, elevation 1,010, and elevation 960 serve to intercept the drain- 
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age from the slope and conduct it either to a point downstream from 
the fill or to the paved ditch at the intersection of the fill and the 
downstream face of the dam. The paved ditch at the intersection 
of the fill and the dam also serves to keep drainage from the face 
of the dam from eroding the fill. The fill is drained by four lines 
of 12-inch porous concrete tile approximately 10 feet beneath the 
original ground level. These empty into a header paralleling the 
dam which conducts the drainage to the river. 

POWER PLANT 

The power plant consists of two hydroelectric generating units and 
the necessary auxiliary equipment. Each unit is composed of a 
56,000-kilovolt-ampere generator directly connected to a vertical 
Erancis type turbine rated at 66,000 horsepower. Two penstocks 
serve to conduct water to the turbines, one penstock serving each unit. 
The intake entrances of the two penstocks are each closed when not 
in use by tractor-type gates. An embedded steel scroll case sur- 
rounds each turbine, and water is conducted away from the turbines 
by elbow-type draft tubes. 

The main powerhouse structure, 69 feet 6 inches wide by 205 feet 
long, which shelters the generating units and operating equipment 
is located adjacent to and immediately downstream from the dam 
on the east bank of the river. The substructure of the powerhouse, 
founded on solid rock, is largely mass concrete, and the superstruc- 
ture is a structural steel framework encased in concrete. The floors 
are reinforced concrete slabs between concrete encased steel floor beams. 
Steel trusses set on structural steel columns carry the roof. In addi- 
tion to the main powerhouse structure, space is provided for housing 
the control-room equipment and other miscellaneous equipment in a 
section between the downstream face of the dam and the power units. 

POWER INTAKES AND PENSTOCKS 

Trashracks . 

Each penstock intake is surrounded by a semi-circular reinforced 
concrete trashrack structure to protect against the entrance of logs 
or other large trash which might damage the gates or the turbines. 
Each structure rests on a solid unreinforced concrete semioctagonal 
base founded on rock. The horizontal members or beams are in the 
form of streamlined chords connecting vertical streamlined columns 
spaced 22° 30' on center. The beams are on 12-foot 6-inch centers 
vertically and have a clear space between beams of 10 feet. A 24-ineh 
wide flange structural steel beam is provided at each column and an- 
chored to the beam to form slots for the metal trashracks and possible 
future rack rakes. The top of the trashrack structure is of reinforced 
concrete slab and beam construction provided with suitable openings 
for movement of the gate and stop logs. Above the slab, on top of 
the trashrack structure and extending to elevation 1,002.67, is a rect- 
angular reinforced concrete gate well which serves to guide the gate in 
traveling from the trashrack structure to the maintenance position on 
top of this structure and to keep out trash from the deck gate opening. 
Two structural steel gate support beams are provided for each gate. 
The beams are attached to the dam and swing out of position when 
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Figure 41. — Penstock intake structure. 
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not in use. When in use, they span the gate opening* at the top of the 
guide structure. 

Originally it was intended to streamline the beams and columns 
on the downstream side by means of attached steel plates. Later 
study revealed that the velocity was so low that extreme streamlining 
would have little, if any, effect on the efficiency of the intake. Also, 
there was a possibility that the steel plates might eventually come 
off and do serious damage. Consequently the plates were omitted, 
and the streamline effect was at least partially secured by suitably 
forming the concrete. 

The trashracks are provided with compressed-air cleaning pipes 
arranged around the outside periphery of the structure at three loca- 
tions. Additional outlets are provided in the tractor gate roller car- 
riage pits. The outlet piping is 1%-inch standard brass perforated 
with 3jjg-inch. holes on 6-inch centers, alternate holes 15° and 30° with 
the vertical. The system is controlled from valves located in each 
gate hoist house. 

The trashrack structure was designed to act as a closed half-cylin- 
der and, assuming the flow of water to be obstructed by an accumu- 
lation of debris, to withstand a differential static head of water equal 
to 20^ feet imposed on the roof slab and top ring and 40 feet on the 
remaining rings which support the rack bars. 

The original design provided one trashrack, 120 feet wide and ex- 
tending from elevation 831 to 1,012, for the two penstocks. This 
feature was redesigned to provide separate semicircular structures 
with top elevation at 932.5 for each penstock. 

Tractor gates and Hoists - 

A tr actor- type gate was installed at each turbine intake structure. 
The gates are designed to operate normally under a maximum hydro- 
static pressure of 167 feet but are capable of prompt and safe closure 
under an emergency condition with an unbalanced pressure of 80 
pounds per square inch against the leaves and a flow of 8,500 cubic 
feet per second through each intake. Normal operation is from the 
main push-button station located in each gate hoist house but they can 
be lowered in an emergency from a push-button station located in the 
control room of the powerhouse. The gates are interlocked so that they 
cannot be raised except when the penstock is filled with water, and 
during normal operation the water pressure will he at least partially 
equalized on both sides of the gate through an 18-inch bypass piping 
system. 

Among the outstanding features of the gates is the complete elimina- 
tion of sliding friction under heavy loads. This is accomplished by 
the use of rollers for both the vertical movement of the gate and the 
small horizontal upstream movement employed to separate the seals on 
the gates from the seats on the gate frames before the gate leaves are 
moved vertically. 

Inclined, or wedge, roller trains are interposed between the sides 
of the gate leaf and its supporting roller carriages and are so ar- 
ranged that the leaf, wedge roller trains, and the roller carriages are 
interlocked and move downward in unison when closing, until the 
leaf is opposite its penstock opening. Then the lower end of the leaf 
comes into contact with its stop in the gate frame and is restrained 







DAM AISTD POWERHOUSE DESIGN" 


103 


from farther descent. The carriages continue their downward moTe- 
ment about 18 inches farther, and in so doing withdraw the support 
afforded by their wedge roller trains between the inclined surfaces 
on the leaf and the similarly inclined surfaces on its roller carriages, 
thus permitting the water pressure against the upstream face of the 
leaf to force it downstream approximately three-sixteenths of an inch. 
This is sufficient to bring the gate seals into watertight contact with 
the mating seats in the gate frame, and so complete the cycle of closure. 

When beginning the opening cycle, the hoists first start raising the 
roller carriages which, in their ascent, bring the wedge roller trains 
into contact with the gate leaf and these inclined roller trains then 
act as practically frictionless wedges to force the leaf horizontally 
upstream about three-sixteenths inch away from contact with the 
gate frame seats. After this has been accomplished the lifting 
lugs in the lower portions of the ascending roller carriages engage 
the lower extremity of the leaf. Then the leaf, wedge roller trains, 
and roller carriages are again interlocked and move upward in unison. 

Since no sliding of the sealing surfaces takes place, these surfaces 
cannot be damaged by the destructive action otherwise present when 
such sliding occurs, and hence they will remain permanently tight. 
An ingenious lever device is incorporated in the cross head to prevent 
the leaf from raising^ on the inclined wedge tracks, under the action 
of the water load during the seating operation. 

A combination of structural and cast steel construction is used 
in the gates, the guides, and the frames- Some of the especially 
noteworthy features of design include the use of stainless steel for 
rollers and tracks, where both high strength and noncorrosive prop- 
erties are desirable; the placing of the skin plate on the downstream 
side of the gate to eliminate dotation uplift when the gate is in the 
closed position ; the reduction of downpull at partial openings by the 
use of a sloping, perforated bottom girder construction; the use of 
high-pressure air jets for cleaning the roller recesses ; the installation 
of a special maintenance platform for periodic inspections; and the 
incorporation of an air vent for minimizing vibrations at juartial 
openings under emergency conditions. 

Each hoist is composed of two tandem aligned, mechanically con- 
nected, 60-horsepower, gear-reduction motors which drive a double 
drum by means of a ring gear which also joins the drums together, 
and the necessary controls and frame mountings for the motors, gear 
reducers, drums, and sheaves. Each hoist rests partly on sole plates 
embedded in the floor of a recess in the upstream face of the dam 
and partly on two triangular-shaped structural steel brackets which 
are supported by structural steel insets embedded flush with the face 
of the dam. The holts provided in the top of the inset and completely 
embedded in concrete give the top of the inset additional anchorage. 

Each hoist is connected to the gate which it handles by a 28-part r 
1-inch diameter, 6- by 19-hemp core steel cable. The cable is in one 
piece and each end is permanently fastened to an outside drum flange. 
The hoist ropes were prestretched by a load of 18,000 pounds before 
shipping and were thoroughly impregnated with waterproofing and 
lubricating compounds. 

The mam limit switch for stopping the gate hoist is attached to 
the drum shaft through a geared driving mechanism which also drives 
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a selsyn transmitter. Each selsyn transmitter lias a companion selsyn 
receiver on the main switchboard, which is connected to an indicator 
to show the position of the gate. The driving mechanism has a 
pointer attached which also indicates the position of the gate. The 
main limit switch has three sets of contactors which function during 
the operation of the gate as follows : 

1. To lower the gate to the closed position the “lower 77 push button 
is pressed which starts the motors and lowers the gate. When the gate 
reaches the closed position, the hoist is automatically stopped by action 
of the relays which trip out the “lower” circuit when contact is made 
in the limit switch with the “lower” limit contactors. 

2. To raise the gate from the closed position, the “raise” push button 
is pressed which starts the motor and raises the gate unless the circuit 
is kept open by the differential switch clue to a low hydrostatic pres- 
sure in tlie penstock. When the gate reaches the normal raised posi- 
tion, the hoist is automatically stopped by action of the limit switch 
and relay which at “normal upper 55 position trip out the “raise 57 cir- 
cuit. The normal raised position is about halfway from the penstock 
opening to resting beams. The gate cannot be raised unless the pres- 
sure differential switch is closed. This is actuated by two sylphons,' 
one of which is connected to the reservoir through the net head piez- 
ometer line and the other to a scroll case piezometer line. It is closed 
only when the penstock is full of water and the difference in pressure 
upon the two sides of the gate is less than the permissible amount — 
the difference to which the differential switch is set. 

3. A “maintenance 55 push-button circuit is provided through which 
the hoist is started when it is necessary to raise the gate above the 
“normal raised 55 position. Both the “maintenance 55 and “raise 55 push 
buttons have to he pressed and held in during such raising. The up- 
ward movement of the gate is stopped when it has reached the main- 
tenance position by the second “upper 55 or “maintenance limit 55 switch 
and relay. The upward movement of the gate is stopped when being 
raised to the maintenance position by the second upper or “mainte- 
nance limit 55 relay contactor which is provided in the main limit device. 

In addition to the main limit switch, three other limit switches 
are provided on each hoist to stop the hoist in case of failure of the 
main limit switch. One of the limit switches stops the hoist when- 
ever the hoist cable becomes slack. The second limit switch is tripped 
by means of a rod which extends vertically below the hoist frame to 
an extreme top position of the gate. The third limit switch is attached 
to one of the driving motor shafts and stops the hoist when for any 
reason the normal operating speed of the motors is exceeded. 

A thrustor-operated brake is provided on each hoist motor shaft 
and receives its energy from the same source as do the driving motors. 
While the motor is energized the brakes are off, and vice versa. 

The main features of the hoist include the use of wound-rotor 
motors, permitting the acceleration of the load to full speed without 
excessive peaks of torque or current, at the same time retaining push- 
button control; regenerative braking when lowering under load; 
remote control from one station in the powerhouse for lowering only 
in case of emergency; and the use of oil-operated load brakes for 
smooth deceleration. 
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A hoist house was provided at each gate consisting of a struc- 
tural steel frame covered with natural-color asbestos board and pro- 
vided with one-piece wire glass windows mounted in steel frames. 
The framework is supported by the brackets which support the hoist 
and is anchored to the upstream face of the dam. The roof is of 
reinforced concrete slab construction poured in place. 

The original design specified a butterfly valve in each of the two 
penstocks adjacent to the scroll case. Steel bulkhead gates were to 
have been used ahead of the penstocks. Economic and mechanical 
considerations favored roller tractor gates which were substituted for 
the butterfly valves and sliding steel bulkhead. The omission of the 
butterfly valves made it possible to place the powerhouse closer to the 
dam and to omit the gantry crane located over them. 

Transition section. 

The upstream part of each penstock, beginning at the upstream 
face of the dam and extending downstream to the steel penstock, 
consists of a concrete transition section from a rectangular opening 16 
feet 6 inches wide by 28 feet 6 inches high at the upstream end to a 
circular opening 20 feet in diameter at the beginning of the steel lining. 

Penstocks. 

Two penstocks, each 20 feet in diameter, serve to conduct water 
from the reservoir to the turbines, one penstock serving each gener- 
ating unit. Each penstock is lined with a plate steel pipe, 153 feet 
10 inches long, having arc-welded longitudinal and circumferential 
joints. Beginning at the upstream end, the pipes slope downward in 
a downstream direction at an angle of 12°30' with the horizontal for 
approximately 132 feet to an elbow in which the profile of the pipe is 
changed to the horizontal. The thickness of the plate decreases by 
sixteenths of an inch from 1 y 8 inches for the upstream 30 feet of pipe 
to 1% inches for the 3 4 feet of pipe at the downstream end. The 
pipes are solidly embedded in the concrete. 

The penstock for the east unit is located on the center line of block 
34 of the dam, and for the west unit is located on the center line of 
block 35. The upstream end of both pipes is 20 feet from the inter- 
section of the center line of pipe with the upstream face of the dam. 
The center line of the horizontal section at the downstream end meets 
the center line of the scroll cases at elevation 832. 

The steel pipe is designed to withstand the full internal pressure 
of the 215-foot head independently of the surrounding concrete. 
The pipe is made up in 10-foot lengths, with a 1% 6 - by 8-inch stif- 
fener ring at the center of each 10-foot section and with three 1- by 
6-inch seal rings, the first of which is located 6 inches from the up- 
stream end, and successive rings spaced 6 inches on center. 

The steel plates for the penstock pipes are of grade “B” steel, 11 
and were made in accordance with Federal specifications. 12 All fab- 
rication was in accordance with the Authority’s specifications and 
with the requirements for unfired pressure vessels. 13 The welds were 

** Standard A-78, A. S. T. M., Steel Plates of Structural Quality for Forged Welding. 

13 Federal Specification QQ-M-151, General Specifications for Metals. 

13 Rules for the Fusion Process of Welding, Class I, A. S. M. E. Boiler Construction 
Code, Unfired Pressure Vessels Section. 
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X-rayed and stress relieved as specified in the “Code” except that 
stress relieving of field joints was omitted after one field joint had 
been stress relieved. . . . . 

The effect of stress relieving the circumferential joints by heating 
the weld and a limited area on each side of it while the remainder of 
the metal remained at air temperature was considered as possibly 
harmful. To determine the effect in an actual case, the first field joint 
of the west penstock was stress relieved and tests were made to deter- 
mine the resulting state of stress. Ten-inch strain gage patterns of 
20 lines each were laid out on the inside and the outside of the pipe, 
centered on the weld, and designed to measure longitudinal, circum- 
ferential, and diagonal strains. Initial measurements were made after 
stress relieving. The test piece was then removed by close drilling a 
15-inch square. A comparison of measurements before and after re- 
moval of the test piece indicated the magnitude of the residual stresses. 
After removal the test piece was probably free of stress. The process 
was then repeated on a joint which had not been stress relieved. In 
the second case both 10-inch and 2-inch gages were used and each 
pattern consisted of 91 lines. A total of over 1,200 strain gage readings 
was taken. The measurements indicated that stress relieving of the 
steel joints introduced stresses approaching the ultimate stress of the 
steel. The test data and test results are included in chap. 6. 

An 18-inch bypass line is provided connecting the reservoir with 
•each penstock for the purpose of filling the penstock prior to opening 
the head gate. The flow of water through the bypass to each pen- 
stock is controlled by a manually operated 18-inch rising stem wedge 
gate valve located in a recess in the upstream side of the operating 
gallery (see fig. 41). 

A 24-inch air inlet is also provided for each penstock. The inlet 
terminates in the downstream side of the dam under the roadway 
parapet. The details of location and arrangement are shown on 
figure 41. 

TURBINES 

Two 66,000-horsepower, 112.5 revolutions per minute vertical shaft, 
single runner, Francis type hydraulic turbines are direct connected 
to the generators. The turbines were designed and manufactured by 
Newport News Shipbuilding & Dry Dock Co. 

The normal gross head on the turbines will vary between a mini- 
mum of 129 feet and a maximum of 207 feet. The tail water surface 
will vary between elevation 820.5 at no load and elevation 826.0 at full 
load- At extreme flood stage the tail water surface will reach elevation 
860. The center line of the turbine distributors is at elevation 882, or 
6 feet above the normal tail water surface.. 

The turbines are designed to withstand the stresses imposed by a 
runaway speed of 215 revolutions per minute, possible under the maxi- 
mum available head of 207 feet with no load on the generator. 

Runner. 

The runner was made of cast steel in one piece with 19 blades, and 
lias an over-all height of 6 feet 10 inches. The inlet diameter is 161 
inches and the maximum diameter is 173.88 inches. Under rated con- 
ditions, the specific speed is 48.8. 
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Tlie wearing ring of each runner is a continuous ring of rolled mild 
steel. The two outer wearing rings were shrunk on the runner. The 
inner one was pressed into its seat and secured by means of screws. 
The outer rings are opposite the crown plate and curb plate stationary 
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Showing Location of Section 


Figure 43 . — Section through generator and turbine. 


wearing rings, respectively, and the inner rings are opposite the inner 
crown plate seal ring. 

To get the required close uniform running clearance between the 
rotating and. stationary rings, the seats for the stationary rings were 
ground to final dimensions and concentricity during the field assembly. 
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Xhe runner is secured to a flange on the lower end of the tin bine 
shaft by means of fitted bolts and was designed to have a clearance 
between runner wearing rings and stationary wealing lings of 0.04 
inch at the top and 0.06 inch at the bottom. 

Speed ring. 

The speed ring, of cast steel, was made in four sections with three 
vertical stays or columns in each section. It was designed to support 
the weight of the superimposed structures, including the weight of 


Figure 44 . — Turbine runner. 

the generator and the scroll case (empty), and also to resist bursting 
stresses when subjected to an internal pressure of 125 pounds per 
square inch in the scroll case, but with no superimposed weight on top 
of the scroll case. 

The bottom of the speed ring is bolted to the top ring of the draft 
tube, the pit liner is bolted to the top of the speed ring, and the 
scroll case is riveted to the speed ring. The entire assembly was 
concreted into the powerhouse substructure. 

Scroll case. 

The scroll case was made of steel plate varying in thickness from 
l 2 y ie inches to 1 inch. It is substantially circular in cross section 
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and of such size that the velocity of water does not exceed 20 percent 
of spouting velocity under a head of 180 feet, or 21.5 feet per second. 
The casing is 17 feet 8 inches in diameter at the inlet end and is 
connected to the penstock by a tapered thimble. 



Figure 45 . — Speed ring - 



Figure 46 . — Scroll case. 


Steel plates forming the scroll case were formed, drilled, erected, 
and' matchedmarked in the shop. Forty thousand rivets were used 
for the two casings. 
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A 24- by 36-inch manhole is provided in each casing. In order to 
prevent accidental opening before the casing is unwatered., each 
manhole door lias a hinged cover which opens into the scroll case 
and is provided with backing-out screws. 

Considerable discussion ensued during the course of acceptance 
of the scroll case design concerning the part of the casings between 
section 10 and section 18 where the stresses 14 . were high. As a re- 
sult, the cross-sectional shape of the casing in the small end was 



redesigned to effect a decrease in the radius of curvature on the hori- 
zontal center line of the distributor. Such modification resulted in 
an increased curvature along the girth at the outside of the case and 
brought about an equalization of the longitudinal and girth stresses 
in this region. A comparison of the original stresses (in paren- 
theses) and the revised stresses as calculated is shown in table 24. 


Zwrttar; Auflage, Zewiter ; Poppl, Von A. ; and Eoppl, U, Drang and Zwang, 
08 , p. 7 Timoshenko, S., Strength of Materials, vol. II, art. 27, p. 510, and 

art. 28, p. 515. ’ ’ * * 
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Table 24. — Comparison of original and revised stresses 



Plates at 

Girth joints 


Plates at 

Girth joints 

number 

longitudi- 1 
nal stress 1 

Shear in 
rivets 1 

Tension 
net section 1 

Section 

number 

pulul 3 
longitudi- 
nal stress 1 

Shear in 
rivets 1 

Tension 
net section 1 

X 

5,180 

(6,840) 

7,180 
(9, 480) 

8,000 
(10, 520) 

XV.___ 

7,620 

(13,330) 

10, 550 
(18, 480) 

11, 750 
(20, 500). 

XI 

5,280 
(6, 54Q) 

7,300 
(10, 290) 

7,280 

(11,300) 

XVI 

8,450 

(15,060) 

11,700 1 
(20, 900) ! 

13,000 

(23,180) 

XII 

4,530 
(8, 710) 

6,270 
(13, 560) 

7,000 

(15,060) 

xvn 

10,500 

(16,090) 

14, 610 
(22, 300) 

16, 270 
(24, 500) 

XIII- 

xiv 

5,620 
! (10, 900) 

6,170 
(11, 890) 

7,770 
(15,080) 
8, 550 
(16, 500) 

8, 660 
(16, 750) 
9, 520 
(18, 300) 

xvm 

14, 750 

20,450 

22,800 


1 Pounds per square Inch. Original stresses In parentheses. 


These figures are based on the premise, that all stresses are taken 
by the plate steel casing and none transferred to the concrete. The 
manufacturer’s usual assumptions are that the concrete carries an 
outward load due to the difference in major- and minor axes of the 
oval at the small end of the casing. In figuring girth stresses each, 
section of plate was considered independently as a circular section,, 
the diameter of which is the average of the major and minor axes 
of the oval. In figuring longitudinal stresses the load was taken 
as the projected area of the section, the same as for a cylinder head. 
By this method of analysis the stresses were as shown in table 25- 


Table 25 . — Girth and longitudinal stresses 


Section number 

Girth 
stress 
point 3 1 

Longitu- 
dinal stress 
at joint i 

Section number 

Girth 
stress 
point 3 1 

Longitu- 
dinal stress 
at joint 1 

X._ 

3,280 

• 6,900 

XV.. 

3, 130 

6,350 

XI 

3,360 

7,040 

XVI™ — 

2,900 

5,770 

XU — 

3,220 

6,730 

xvn 

2,700 

5,250 

XIH 

XIV. 

3,500 
3, 340 

7, 210 
6,850 

xvm 

2,400 

4,360 


i Pounds per square inch. 


The longitudinal stresses at a joint corresponding to section XVII 
was computed for several installations upon the assumption that all 
stresses were carried by the plate steel. As noted from table 26 
the casing as revised was relatively the strongest ever built by the 
manufacturer. 

Tajble 26. — Comparison of various scroll cases 


Rochester 
No. 5 


Deer Lake 

New Vwbbm* 
Foundland stroy 


Inlet diameter-feet 12.1 9.5 25 5.5 20 

Design pressure 65 139 80 200 125 

Tension net section 1 13 , 540 36, 650 16, 500 29, 800 16, 270 

Based on joint efficiency 22,800 59,700 23,400 68,500 17,900 


i Pounds per square inch. 
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The plate steel spiral casings were not built to the exact dimensions 
as designed. Table 27 shows the dimensions in feet to inside of plate 
both as designed and as actually built. 

Table 27. — Inside dimensions of plate as designed and as built 


Section 



Horizontal 


Vertical 


Design 

Unit 1 Unit 2 

Design 

Unit 1 

Unit 2 


I 

n 

hi 

iv 

V 

VI 

vn„._ 

VIII_._ 

ix 

x 

xi 

XII 

xiir... 

xiv.._ 

xv 

XVI... 

xvri._ 

xvni. 

XIX... 


27. 479 

27. 542 

27. 042 

27. 104 

26. 594 

26. 667 

26.135 

28. 229 

25. 656 

25. 760 

25. 177 

25. 271 

24. 667 

24. 813 

24. 094 

24. 313 

23. 365 


22. 677 

22.875 

22.0 


21.208 

21.323 

20.406 

20. 490 

19. 573 


18.557 

18. 625 

17. 521 


16.417 

16. 417 

15.135 

15. 302 

13.469 



27. 625 

16.5 


16. 125 

26. 656 

15. 729 

26. 229 

15. 333 

25. 729 

14.917 

25. 229 

14.5 

24. 729 

14. 063 

24. 25 

13. 583 

22. 833 

13. 25 
12. 708 

21.333 

12. 208 
11.708 

20. 583 

11.177 

18. 677 

10. 688 
10.063 


9. 563 

16 . 417 

9. 042 

15. 292 

7. 938 


16. 479 
16. 063 

15. 688 
15. 208 
14. 792 
14.417 

13.917 
13. 292 
12. 802 

12.438 
12.146 

11.688 
11.188 
10. 729 

9.917 

9.438 

8.917 
8. 542 

7. 854 


16.417 

15. 708 
15.271 

14.917 

14.5 
14.0 
13.354 

12.854 

12.5 
12.167 

11.625 
11.125 

10.625 

9.854 

9.438 
8, 958 
8.604 

7.917 


Wheel-pit liner. 

The Trfieei-pii liner is made of %-incli steel plate in two sections 
It is 19 tee t 6 inches m diameter inside and 7 feet high. The turbine 



Figure 48. — Wheel-pit liner. 


guide bearing oil pumps are situated in a recess in the to„ 
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Curb and crown, plates. 

The curb plate is made of cast steel in two pieces and is bolted to 
the lower flange of the speed ring. It contains the lower bearings 
for the 24 gate stems. The bearings are lubricated with grease 
through. the gate stems. The upper and inner faces of the curb 
plate adjacent to the gates and runner are provided with renewable 
steel wearing rings and plates- The wearing plates on both the curb 
and crown plates are made from rolled steel plates in four sections, 
with the ends fastened together to form a circle. The wearing plate 
on the curb ring is 1 foot inches wide and varies in thickness 

from 1 % 6 to . 1 inch, while that on the crown plate is 1 foot 
9 Hi 6 inches wide and varies from 6 % 4 inch to 6 % 4 inch in thickness. 



Figure 49. — Crown plate. 


The crown plate is made of cast steel in two pieces and is bolted 
to the upper flange of the speed ring. It is reinforced with twenty- 
four 1 Vi -inch thick ribs and contains two bronze bushed bearings for 
each wicket gate stem. 

An adjustable stuffing box equipped with % -inch-square asbestos 
packing is provided for each of the 24 gate stems. The weight of 
the gate and lever, together with any unbalanced hydraulic thrust, 
is carried on a thrust collar. The crown plate also supports the 
main-shaft bearing housing and oil pan. 

Guide bearing. 

Each unit has one guide bearing of the oil-lubricated, babbitted 
type. The bearing is 36 inches in diameter, with a. contact surface 
34 inches high, and consists of a cast-iron shell made in three sections 
and bolted to the bearing support. The cast-iron shells are lined 

155813 — 10 9 
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■with babbitt grooved for oil circulation. The bearing cover is made 
of cast iron in two sections. The bearing support or housing is made 
of cast steel in three pieces and bolted to and supported by the crown 
plate. 

Oil is circulated normally through the bearing by an alternating- 
current motor-driven geared oil pump located in a recess in the wheel- 
pit liner. The oil is stored in a covered sump on top of the crown 
plate and is surrounded by water which tends to cool the oil. Oil 
is pumped from the sump to a supply reservoir located in the hearing 
cover, from where it flows by gravity to and through the bearing 



Figure 50 - — Guide bearing (, grinding-mechanism housing in place). 


back to the sump. This pump is driven by a 460-volt, alternating- 
current, %-horsepower motor. There is also an auxiliary pump m 
each unit driven by a 250-volt, direct- current motor from the station 
storage batteries. The auxiliary pump is arranged to operate when the 
alternating-^irreiit motor-driven pump should for any reason fail to 
deliver a sufficient amount of oil to the main bearing. An alarm is 
arranged to give a signal if the alternating- current supply should fail. 

One temperature detector is located in each bearing segment 
where the temperatures are the hottest. Temperatures of bearing 
metal and oil are recorded by Leeds and Northrup Micromax re- 
c orders. The detectors are also connected to alarm contactors which set 
off an annunciator alarm when temperatures exceed a predetermined 
amount. 


Shaft. 

The shaft is made of forged carbon steel 16 and is 35 inches in 
diameter e xcept where it passes through the bearing, where it is 

15 American Society for Testing Materials standards, A1S-30, class E. 
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35.986 inches in diameter. Each end of the shaft is provided with 
a flange for connecting with the runner and the lower part of the 
generator shaft, respectively. The flanges are 5 feet in diameter 
and 7 inches thick and were forged integrally with the shaft. A 
6-inch hole is provided through the center of the shaft for inspection 
purposes. 

To secure proper alinement of the generator and turbine shafts, 
the turbine shaft was shipped to the generator manufacturer, where 
the two shafts were matched, the coupling bolts fitted, and the 
alinement checked. 

A stainless-steel cover made in matched halves is provided to 
cover the coupling between the turbine and generator shafts. A 
renewable stainless-steel sleeve is fastened by shrink links to the 
shaft throughout the length of the stuffing box. 

Wicket gate and operating mechanism . 

The turbine gates are of the balanced wicket type made of cast 
steel and have integral cast stems. The gates are actuated by twin 
servomotors mounted in the wheel-pit liner. The reactions of the 



Figure 51 . — Wicket gate . 

servomotors are carried by foundation bolts which transmit the load 
to the concrete of the powerhouse substructure. The operating ring 
is supported by and operates around the guide bearing support. 

The gate levers consist of three main parts, two of which have one 
end connected to the operating ring by means of an adjustable link, 
while the other end of these two pieces “floats” on the wicket gate 
stems. The other part of the lever, which is “sandwiched” between 
the first two mentioned pieces, when assembled has one end keyed 
to the wicket gate stem and the other end fastened to the other two 
pieces of the lever by a cast-iron shear pin designed to fail when the 


116 


THE MORRIS PROJECT 


normal operation of the wicket gate is interrupted by a foreign 
object caught in the gate, thus allowing the other gates to operate 
normally and prevent damage to other parts of the machine. 

The wicket gates are held in suspension in midposition between the 
curb and crown plates by means of thrust bearings. Each gate is 
also provided with a steel thrust collar to carry any upward thrust 
due to unbalanced hydraulic pressure. The thrust collar bears 
against a flange provided on the upper bearing bushing of the crown 
plate. The collar is keyed to the gate stem and is provided with a 
Jug to engage a corresponding lug on the crown plate to limit the 
angle of movement of the gate-stem lever in case of breakage of a 
breaking link. Interference will thereby be prevented between the 
loose gate and the other gates. The design is such that in case one 
gate comes loose from the shifting mechanism it will not swing to 
a position in contact with the runner. 

The operating ring is made in one piece of cast steel and connected 
at opposite points on the periphery through 6% -inch diameter ad- 
justable forged-steel connecting rods to the servomotors. The ring* 
operates on bronze bearing rings 'which are attached to the guide- 
bearing support. 

The servomotors are made of cast iron with cast-steely heads and 
stuffing boxes and are mounted in the walls of the pit liner on the 
upstream side of the pit. The load resulting from the operation of 
the servomotors is transmitted to the concrete of the powerhouse sub- 
structure by means of anchor bolts. The motors have cast-steel 
pistons with three cast iron piston rings. The servomotors are sup- 
plied with oil at 300 pounds per square inch pressure by the governor 
system. A device is provided on the servomotors to reduce the rate 
of closing of the gate after the position for speed-no-load has been 
reached in the closing direction. Provision is mad© on the servo- 
motor connecting rods for locking the wicket gates in full-open or 
full-closed position or to limit the gate opening to maximum gen- 
erator output when the turbine is operated under higher than rated 
heads. 

The stress in the center of the yoke of the servomotor cylinder 
head at a section on the center line of the piston was calculated by the 
manufacturer to be 7,202 pounds per square inch. 

Grease is supplied to these parts by a hose and hand gun from 
a 100-pound barrel-type compressor. A measuring control valve is 
provided in the grease line to allow a predetermined amount of grease 
to eject from the gun at each operation. All working joints and pin 
connections throughout the gate mechanism are bronze-bushed and 
provided with Alemite fittings for forced lubrication. Each gate 
stem bearing has a separate source of grease supply. Where the bear- 
ing is subjected to water pressure, a cut-off valve is provided on all 
grease connections between the bearing and the pressure grease fittings. 
A hole varying from 1% inches to 1 inch was bored through the entire 
length of the gate stem to supply grease to the bearing in the curb 
plate. Although the grease system will normally work under pres- 
sures up to 1,250 pounds per square inch, a pressure of 2,500 pounds 
per square inch was applied to each gate to test for defects in the cast- 
ing adjacent to the junction of the upper stem in the body of the gate, 
where the most severe stresses occur. 
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Draft tubes. 

"Water is conducted away from each turbine by means of an elbow- 
type draft tube- Beginning at the top and extending down 9 feet 2 
inches, a welded plate steel liner is provided. The remainder of the 
tube is formed in the concrete of the powerhouse substructure. 
Two jners which start at the bottom of the elbow and extend to the 




downstream end divide the tube into three discharge tubes. The 
floor of each draft tube is level, at elevation 795. 

The original plans called for built-up steel and timber draft tube 
stop logs, metal lined stop log grooves and seats, and a steel gantry 
crane for lifting. Carefully constructed smooth grooves in the con- 
crete were substituted for the grooves with metal liners and seats. 
Since only light timber logs are to be used, a gantry, as originally 
planned, was not needed and a simple wooden frame is to be used 
on the infrequent occasions when it becomes necessary to use stop logs. 
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Immediately downstream from the discharge end of the draft 
tubes, the tailrace is paved with concrete for about 25 feet. The 
paving starts on a curve of 55-foot radius which intersects a 5 : 1 up- 
slope, extending downstream to intersect the neat line of the tailrace 
at elevation 817. A 24- by 36-inch manhole, with hinged cover and 
backing-out screws, is provided through the draft tube liner for access 
to the interior of the draft tube. 

Vacuum breaker. 

An 8-inch vacuum breaker is provided at the crown plate. The 
breaker is actuated by the operating ring and is adjustable to open 
at a predetermined gate opening for the purpose of admitting air 
to the under side of the runner. This breaks the vacuum in the 
draft tube upon gate closure and is expected to improve the opera- 
tion of the turbine at low gate opening. A pipe from each vacuum 
breaker is terminated in the roof of the powerhouse to minimize the 
suction noise. 


Piezometer lines and turbine flowmeters. 

Piezometer lines are provided to facilitate turbine testing and to 
secure a continuous record of flow through each turbine. Four pie- 
zometer taps are provided at each of two transverse planes on the pen- 
stock to facilitate turbine tests by the Gibson method. Each group of 
four is arranged around the circumference, each tap being placed 45° 
from the vertical and horizontal center lines. The first group is 37 
feet from the upstream face of the dam, and the second group 91 feet 
10 ruches downstream from the first. Six taps are provided for the 
turbine flowmeters located in a transverse plane around the circum- 
ference of the scroll case, 37°30 / from the downstream section of the 
transverse center line of each unit, measured in a counterclockwise 
direction. Four additional taps, located 34 feet 9 inches upstream 
pom the longitudinal center line of the turbine, are provided for the 
indication of net head. In addition, a pressure header pipe terminates 
m each hydraulic cubicle. A line from elevation 902 inside each trash- 
rack terminates m the common valve box for each unit in the down- 
stream face of the dam. 

Each unit is provided with a Bailey flowmeter for recording the 
total discharge and also indicating the discharge of each turtine. 
ine peters operate on the Winter-Kennedy principle and are de- 
sired to register flows between 5,000 cubic feet per second and 500 
cubic feet per second correctly within 2 percent. 

Acceptance test. 

h Ji e ™ CC6ptai f 6 16 - to d ? termin e the efficiencies of the two tur- 

brnes were conducted during the period of October 20-25, 1937. The 

SSencv 6 n? 1 Wll CC l J - rd f g K ti0the Gl n bs 1 011 meth °d 17 for determining the 
was iTQpJ frtr- 1 X.t ra m 1 - 1C - tUr ^ I16S ’ and t ie Gribson time-pressure method 
r determining the quantity of water. Engineers employed 
y JNorma n R. Gibson, consulting engineer, with the aid of some 

20-25^1937. N December ^ 1937 ? Test by Glbson Method, units Nos. 1 and 2, October 
ebanieal Engineering, vol. 52 S (193^K t p? l ^374 >r Flel<i testing of Hydraulic Turbines, Me- 
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personnel recruited from the Authority’s construction and operating 
organizations, conducted the tests. A representative of the Newport 
News Shipbuilding & Dry Dock Co. and representatives of the Au- 
thority observed the tests. The results are summarized in table 28. 


Table 28. — Summary of acceptance test results 


Unit No. 

Net head- 
1 feet 

Turbine efficiency at 
60,000 horsepower 

Turbine efficiency at 
75,200 horsepower 

Guaranteed 

Actual 

Guaranteed 

Actual 

1 

180 

180 

Percent 
S1.0 
SI. 0 

Percent 

93.1 

93.3 

Percent 

86.0 

86.0 

Percent 

88.9 

89.9 



Unit No. 

Net head- 
feet 

Maximum turbine efficiency oecurs at— 

Maximum capacity occurs at— 

Generator 

Turbine 

Discharge 

Generator 

Turbine 

Discharge 

1 

2 

180 

180 

Kilowatts 
45,400 
42, 400-45, 400 

Horsepower 
62,000 
58, 000-62, 000 

Cubic feet 
per second 
3.259 

3, 045-3, 255 

Kilowatts 
57,400 
57, 400 

Horsepower 
78, 300 
78,300 

Cubic feet 
per second 

4, 560 
4,562 


A detailed discussion of the acceptance test is given in appendix F. 

GOVERNORS 

The two Woodward governors are of the oil-pressure, relay-valve 
actuator type with electrically-driven, speed-responsive elements. 
The actuator and oil pump for each governor are mounted on the 
sump tank and are enclosed in cabinets made from welded plates. 

Inspection doors at the sides of the cabinets allow access to the 
actuators and pumping equipment. Each cabinet is made of five 
pieces to facilitate removal. The arrangement of pumps, tanks, and 
controls is such that operation can be either as two independent unit 
systems or as one twin system. Each governor is complete with 
actuator, sump tank, oil pump, interconnecting oil piping, oil pipe to 
servomotors, permanent magnet generator which drives the speed- 
responsive element, and all necessary parts and accessories required by 
the governor system for regulating speed by controlling the turbine 
wicket gate. 

Servomotors. 

The servomotors are double-acting and are rated at 300,000 foot- 
pounds with a net oil pressure of 200 pounds per square inch in the 
cylinders and a pressure of 250-300 pounds per square inch in the 
system. The volume of oil per stroke is 16,900 cubic inches, and the 
ports of the servomotors’ cylinders are 5 inches in diameter. They 
are provided with adjustable bypass connections so that the rate of 
closure may be retarded during gate travel from slightly below 
speed-no-load position to the fully closed position. The mechanical 
connection between the governor restoring mechanism and the tur- 
bine gate operating mechanism consists of %-inch diameter airplane 
type flexible cable enclosed in 1-inch pipe and connected to the piston 
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Figure 53 . — Governor installation . 

Actuators and controls. 

The actuators are designed -with adjustments so that the servo- 
motors will move the turbine gate over the full opening or full closing 
stroke in from 4 to 10 seconds. The adjustment positively restricts 
the oil flow to permit a maximum rate of gate closure of 4 seconds 
and is arranged so that the operation of the speeder mechanism, 
control solenoids, or other devices cannot cause the rate of movement 
of the turbine gate to exceed the maximum rate for which it is ad- 
justed. On the closing cycle provisions are made for cushioning up 
to 5 seconds from 0.1 to 0 gate. 

The speed-responsive element of each actuator is driven by an 
alternating-current motor which receives its power from a permanent 
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magnet generator mounted on the main generator shaft. It supplies 
current exclusively for driving the governor head of the actuator. 
Included as a part of the assembly are an electric tachometer mag- 
neto and an overspeed switch. 

The actuator relay valve passes oil to effect a corrective movement 
of the turbine gate upon a speed variation of the turbine of */i 00 
of 1 percent or more. Speed of the responsive element varies di- 
rectly with and in exact proportion to the speed of the main shaft of 
the turbine for all rates of acceleration and deceleration. The servo- 
motor oil control mechanism is capable of going from no-flow to 
full-flow position or vice versa in Yio second, starting from the 
time of speed change. 

Each actuator is provided with the following equipment: 

1. Load, limit. — Gate limit control device which can be operated 
manually at the actuator and also electrically by split-field direct- 
current motor from the switchboard. 

2. Speed level. — A speed level control device which is operated 
manually at the actuator and also electrically from the switchboard 
by means of a split-field direct-current motor. The speed control has 
a range from 85 percent rated normal speed, no-load, and 0 speed droop 
to 105 percent rated normal speed at rated load and maximum speed 
droop. 

3. Speed droop. — A device for controlling the speed droop of the 
turbine is operated manually at the actuator and electrically from 
the main control board by means of a selsyn transmitter and re- 
ceiver. The amount of speed droop is adjustable from 0 to 6 percent. 

4z. Automatic shut-down. — A latching device for closing the turbine 
gate at the normal rate of closure, which is operated manually at the 
actuator and also electrically from the switchboard. The electrical 
control of this device is arranged so that it can he reset manually at 
the actuator or electrically at the switchboard. This device will be 
used for shutting down the turbine automatically upon overspeed, 
failure of governor oil pressure, failure of the oil supply to the main 
shaft bearings, or upon operation of any of the automatic protective 
features in connection with the main generator, exciter, and pilot 
exciter. The solenoid coils of the electrical devices are designed for 
continuous service at 250 volts direct current. 

5. Speed indicators. — Two electrically operated speed indicators 
are provided which not only indicate the normal speed of the tur- 
bine but also show when the machine begins to rotate and when it 
comes to a dead stop. One indicator is mounted on the actuator 
panel and the other on the main control switchboard. A magneto- 
type generator connected to the generator shaft is provided for oper- 
ating the speed indicators. 

6. Manual control. — The turbine gates can be controlled by means 
of oil pressure from the governor oil pressure system by manual 
control at the actuator. 

7. Pressure gages . — A duplex pressure gage mounted on the actu- 
ator indicates the air pressure in the station air system and also in the 
generator brake cylinders. Another pressure gage indicates the pres- 
sure in the governor oil-pressure tank. 

8. Limit and position indicators. — A selsyn type gate -limit and 
gate-position indicator of the dual type is provided and mounted 
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on the. main control switchboard and a similar indicator is mounted 
on the actuator panel. . . 

9. Overspeed switch . — An overspeed switch is mounted on the 
generator shaft to shut down the turbine, trip the generator oil 
circuit breaker, and sound an alarm, for overspeed. The overspeed 
contact is adjustable to operate at any speed from 140 revolutions 
per minute, or 125 percent of normal, to speed of 1T0 revolutions 
per minute. On the loss of the load with full gate opening, the tur- 
bine speed should not reach the maximum setting of the overspeed 
switch when the governor control is functioning normally. The 
contacts of the overspeed switch are automatically reset when turbine 
speed returns to 105 percent of normal speed. 

10. Hcmd-operated brake valve . — A hand-operated air valve for 
controlling the operation of the generator brakes is provided on the 
actuator panel. The valve is provided with interlocks so that the 
brakes cannot be applied until the turbine gates are fully closed and 
the generator disconnected from the system. 

11. Automatic brake valve . — This valve for controlling the opera- 
tion of the generator brakes is mounted on the actuator panel. The 
valve control is arranged so that the brakes cannot be applied until 
the turbine gates are fully closed and the generator disconnected 
from the system. A time-delay feature is provided to prevent the 
brake application until speed of generating unit has decreased to 
about 50 percent of normal. Brake application is intermittent, and 
the time periods are adjustable. 

12. Two oil pressure switches . — One of the switches initiates an 
alarm when the governor oil pressure drops to a predetermined and 
adjustable value. The other switch closes on extremely low oil 
pressure and causes the unit to shut down if running and prevents it 
from starting if at a standstill. 

Oil-pressure system. 

Each governor oil system includes a motor-driven pump, pressure 
tank, sump tank, and piping and accessories for supplying oil at the 
required pressure to the governor. The normal operating pressure is 
between 250 and 300 pounds per square inch, and the entire system is 
designed for an operating pressure of 300 pounds per square inch. 

The motor-driven oil pump for each governor is of the herring- 
bone type, with a capacity of 219 gallons per minute at 300 pounds 
per square inch pressure and is driven by a 60-horsepower, 440-volt 
squirrelcage motor. It is equipped with a check valve, oil pilot 
operated unloader valve, pressure safety valve, and pressure control 
switch. The pressure switch mechanically operated from the un- 
loader valve assures that the pump motor will be started and 
stopped without load. The pressure safety valve insures against 
excessive pressure. 

Am automatic control is provided which regulates the oil level in 
the pressure tank. When operating as a twin system, the inter- 
connection and automatic control of the two pumping units are 
such that either may be used for normal operation, with the other 
serving as a stand-by. The unit serving as a stand-by is arranged 
to start automatically, either on failure of the electrical supply to 
the operating unit or when oil pressure or level falls a predeter- 
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mined amount below the pressure or level -which starts the supply 
of oil from the operating pump. The stand-by pump then delivers 
oil together with the operating pump until manually stopped. An 
alarm is sounded when the stand-by starts. 

Each pressure tank has a capacity of 196 cubic feet, which is equal 
to 20 times the servomotor volume. Each tank is of all- welded steel 
construction and is provided wth a manhole, a sight gage to indicate 
oil level, and a pressure or liquid level regulator for automatically 
maintaining the proper quantity of oil and pressure in the tank. An 
air blow-olf valve is provided on each tank which automatically dis- 
charges the air if pressure exceeds 325 pounds per square inch. Under 
normal operation, the tank contains approximately one volume of oil 
to three volumes of air at 200 pounds. All connections to the pressure 
tank except the air and the upper gage connection are made below 
the low oil level. 


rRANSF 
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Figure 54. — Single-line development diagram. 


The two 120-cubic-foot sump tanks for the^ two governors are of 
welded boiler plate construction. They are interconnected so that 
either tank may be drained for cleaning while the other is in service. 
Each tank is provided with a strainer through which all oil returned 
from the servomotors is passed. The sump tanks are each provided 
with a float-operated oil -level gage for indicating the quantity of oil in 
the tank. The sump for each governor is mounted in the base of the 
actuator with pumps above. 

All the connecting piping between the oil pumps, sump tanks, pres- 
sure tanks, and actuators, and between the actuators and the servo- 
motors is of seamless steel tubing, with long radius bends and welded 
wherever practicable. The pipe is of such size that the oil velocity for 
full gate travel in minimum specified time does not exceed 12 feet per 
second. 

GENERAL PLAN— ELECTRICAL EQUIPMENT 

The initial installation provided for two generators with trans- 
formers stepping up to the 154-kilovolt buses and one 154-kilovolt 
line to Wheeler Dam. The well-known main-and-transfer-bus scheme 
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of connections was provided with one spare breaker. Structures were 
so arranged that any of the motor-operated disconnects on the transfer 
bus could be replaced at any time by breakers, thus gradually expand- 
ing the scheme into a full double-bus-double-breaker scheme. 

The 1936 extension consisted of adding a line to Alcoa and also 
adding a second breaker in each generator circuit and a motor-oper- 
ated disconnect in the transfer bus. With these added facilities, two 
spare breakers are available and each generator may be operated on a 
separate line, isolated from the other if desired. Space is available in 
the switchyard, the conduit system, and the switchboard room for the 
further extension of the 154-kilovolt yard and the addition of 110-kilo- 
volt and 11-kilovolt yards as may be required. 

GENERATORS 

The two generators were designed and manufactured by Westing- 
house Electric & Manufacturing Co. Each has a normal rating of 



Figure 55. — Generators, 


56,000 kilovolt amperes, 13,800 volt, 0.9 power factor, and a speed of 
per 5 am .Y te * Each generator is provided with direct- 
P 1 ] ot exciters, thrust and guide bearings, an 
proSfon nS SJ m ’ SUrface coolers > and carbon dioxide 

Stator, 

The stator frame is of welded plate steel construction Openings 
are provided m the frame for the passage of cooling air TlieTrame 

shipment WlndlllgS W ® re shop ' assembled in four sections to facilitate 
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The stator core is built up^ of high-grade, nonaging silicon steel 
laminations, coated on both sides with insulating varnish, and is 
keyed and clamped to the stator frame. Ventilating spacers are pro- 
vided in the vent ducts between sections of the core so as to provide 
for quiet and efficient flow of cooling air. 

The stator winding is star connected. Each phase is wound in 
two parallel paths with six leads at the neutral end and three at 
the main end to accommodate current transformers for differential 
and split conductor relay protection. The neutral current trans- 
formers and the neutral connection are within the generator hous- 
ing. The stator winding is insulated with class B insulation. The 
stator coils consist of several conductors, each of which is subdivided 



Figure 56 . — Generator stator. 


into strands, transposed between coil connections to give equal cur- 
rent distribution between strands. The strand conductor and 
the completed coil insulation are mica taped. During the process 
of manufacture, each coil was impregnated several times and steam- 
pressed while hot so as to obtain a compact, homogeneous coil free 
from air pockets. An outer protective layer of asbestos tape is pro- 
vided on the portion of the coil embedded in the core, and this is 
covered with a semiconducting graphite solution which provides 
corona shielding. 

Twelve 10-ohm resistance temperature detector coils are distributed 
in the stator windings to detect the highest operating temperatures. 
The six coils giving the highest readings are connected to a tempera- 
ture recorder. Three wires are brought out from each detector to a 
terminal block on the generator frame where one wire from each 
detector is grounded, and all three are extended to the switchboard. 
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The stator rests on foundation sole plates to which it is dowelled 
and bolted. Radial jack screws are provided on the sole plates for 
obtaining uniform air gap. 

Rotor. 

The rotor spider is constructed of cast steel with a solid hub. 
The rim is of laminated steel, clamped by through bolts between 
heavy top and bottom steel plates, thus constituting a solid, self-sup- 
porting, floating rim keyed to the ends of the spider arms in such 
manner as to transmit only tangential forces. The spider structure 
is thus relieved of the centrifugal stresses from the rim. The field 
poles are built up of thin steel laminations riveted together under 
high pressure. Dovetail projections on the poles engage with dove- 
tail slots in the rotor rim, and the poles are held firm by tapered 
keys and wedges. They can be removed if necessary without remov- 
ing the rotor from the stator. 


Figure 57. — Generator rotor. 


The field coils are of copper straps wound on edge. Each coil 
is insulated from its pole by built-up mica and asbestos material. 
Duck miearta insulating cojlars are provided at the top and bottom 
of each field coil. 

The rotor of each generator is provided with a segmental brake 

K wifh which the brake shoes make contact. This segmental 
e ring is removable and renewable. 

Generator! shaft. 

The generator shaft is made of forged steel, having a flange at 
the lower end of the proper dimensions for coupling to the turbine shaft 
and another flange at the top of the shaft which acts as the thrust- 
bearing collar and to which the generator rotor is bolted and keyed. 
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Tlie shaft is 84 inches in diameter and accurately machined 
throughout. A. hole 6 inches in diametor was bored throughout the 
entire length of the shaft and machine-finished sufficiently smooth 
to permit visual inspection of the interior of the shaft. 

Bearing brackets. 

The upper bracket which supports the stationary parts of the 
exciters consists of eight fabricated steel arms bolted together. The 
outer ends of the bracket arms are supported by pads on the top of 
the stator frame. 

The lower bracket which supports the combined thrust and guide 
bearing consists of eight fabricated steel arms bolted and keyed to 
the fabricated steel thrust bearing pot. The outer ends of the 
bracket arms span the wheel pit and are supported on the lower 
bracket base plates. The lower bracket was designed for removal 
through the stator bore and is provided with adjusting screws for 
centering. 

Provision is made in the bearing and bracket to prevent stray 
electric currents from passing through the thrust and guide bearing. 



Bearing bracket sole plate J 


Figure 58 . — Guide and thrust bearing arrangement. 


Bearings* 

Immediately below the rotor is located the combination guide and 
thrust bearing. The guide bearing consists of a number of seg- 
mental shoes individually pivoted and adjustable and bearing against 
the guide bearing runner which is immediately above and equal in 
diameter to the thrust bearing runner plate. 

The thrust bearing is of the Kingsbury type and is designed to 
support the entire weight of the rotating parts of the generator and 
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water wheel and the hydraulic thrust. For lubrication, the thrust 
bearing is fully submerged and the guide bearing partially sub- 
merged in oil. The oil reservoir is a complete, self-contained, lubri- 
cating system when filled and requires no pumping. The oil is cooled 
by water circulating through copper coils, and suitable devices are 
provided to prevent throwing of oil and the escape of oil vapors. 
The oil level device for the reservoir was designed so as to sound an 
alarm if the oil level raises % inch above normal running oil level 
or drops % inch below the stationary cold oil level. 

Both the guide and thrust bearings have resistance-type tempera- 
ture detectors in the bearing shoes for recording temperatures at the 
hydraulic gage boards. 

The thrust bearing is T4 inches in diameter, about 2,750 square 
inches in area, and supports a rotating weight which produces a pres- 
sure of about 400 pounds per square inch. 

Brakes. 

Each generator is provided with air-operated brakes of sufficient 
capacity to bring the rotating parts of the generator and the turbine 
to a stop from half -rated speed within 7% ^ minutes after the brakes 
are applied. This can be done without injurious heating of the 
brake shoes or braking surfaces on the generator rotor, without field 
excitation on the generator, and with leakage through the turbine 
gates not exceeding an amount which will produce 1 percent of the 
rated torque. The brakes are electrically controlled and are designed 
for operation with a pressure of 80 pounds per square inch. The 
installation consists of 16 cylinders with pistons and brake shoes 
which are applied to the brake ring mounted on the under side of 
the rotor. 

The brakes are designed to serve as hydraulic jacks to lift the 
generator rotor, shaft, and water wheel runner for removal or ad- 
justment of the thrust bearing. The lifting jacks are capable of 
lifting the rotor and shaft at least 1% inches. When the ] acks are 
in the raised position, provisions are made for blocking the rotor 
mechanically in this position. A portable high-pressure oil pump 
which supplies oil at 1,500 pounds pressure is used when operating 
the brakes as lifting jacks. The supply piping is arranged to drain 
the oil and prevent it from entering the station air-piping system. 

The brake shoes are provided with renewable metallic asbestos 
friction wearing surfaces. 

Yentilation. 

Each generator is provided with an enclosed ventilating system, 
complete with air ducts and surface coolers. Circulation of the cool- 
ing air through the ventilating system is accomplished by means of 
fans on the generator rotor. The warm air from the generator is 
discharged through eight openings in the generator stator frame, 
from whence it goes to eight surface-type air coolers and is then col- 
lected in a discharge housing and directed back into the machine 
from above the generator rotor. 

The eight surface coolers are spaced symmetrically around the 
periphery of the generator stator. The cooling water is supplied to 
the coolers at a pressure of from 30 to 50 pounds per square inch 
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from the penstock. The coolers were specified to have sufficient 
capacity so that with one individual cooler out of service the tem- 
perature of the air entering the generator should be maintained at 
less than 40° centigrade, and the maximum indicated temperature of 
the generator maintained at less than 100° centigrade at rated gen- 
erator output with the cooling water entering at 25° centigrade, using 
not more than 840 gallons per minute for each generator. The 
actual temperature of the cooling water is about 10° centigrade, giving 
a safe margin in the cooling system. 

The shells for the surface coolers are fabricated of steel plates. 
The tubes, having an outside diameter of 1 inch, are made of Ad- 
miralty metal and the tube plates of Munz metal. Copper fins are 
spirally wound on and soldered to the tubes. The arrangement of 
the tubes is such that each tube can be removed individually and 
replaced. The water boxes are constructed with removable cover 
plates to permit access to all tubes for cleaning and inspection without 
disturbing the water pipe connections. 

Surge protective equipment. 

Surge protective equipment consists of lightning arrestors and 
capacitors connected to the main leads of each generator. The ar- 
restors limit impulse voltages to approximately 87 kilovolts, which 
is considered safely below the impulse strength of the generator 
winding. The capacitors limit the rate of voltage rise above ground. 

Generator neutral reactors. 

A reactor is provided between each generator neutral and ground 
of suitable value calculated to reduce ground fault currents to the 
minimum necessary to assure positive differential relay action. The 
reactor is rated 0.82 ohm at 60 cycles, 8,000 amperes for one minute, 
15,000 volts. It is of air-cooled construction and is enclosed in a 
steel housing. It is connected to the generator neutral through a 
single-pole oil circuit breaker rated 600 amperes continuous, 30,000 
amperes interrupting. 

Excitation and voltage control. 

Each generator has a 275-kilowatt, 1,100-ampere, 250- volt, sliunt- 
wound main exciter and a 15-kilowatt, 60-ampere, 250-volt compound- 
wound pilot exciter. Toth exciters are direct connected and mounted 
at the top of the generator in a compact telescoped arrangement. The 
excitation system is designed to give a response ratio of 2 and a 
voltage ceiling of 550 volts. 

The main generator voltage is controlled by varying the resistance 
in the main exciter field circuit, the resistance in the pilot exciter 
field having been set at a fixed value by means of a hand-operated 
rheostat. The main exciter field rheostat is motor operated and is 
normally actuated automatically by means of a voltage regulator, but 
under emergency conditions can be operated manually. Small volt- 
age adjustments effected by the normal response contacts of the 
voltage regulator are made by small resistance steps in the motor- 
operated rheostat. Large adjustments in voltage are made by quick- 
response contacts of the regulator which energize high-speed con- 
tactors to cut in or shunt out large sections of the rheostat. 

155813 — 40 10 
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The normal voltage level to be maintained by the regulator is 
controlled by means of the manual voltage adjusting rheostat on 
the main control board. Compensation, for voltage drop through 
the step-up transformers may be obtained automatically by means 
of the voltage drop compensator which reduces the voltage applied 
to the voltage-sensitive element as a function of current and com- 
pensator setting. Reactive kilovolt-amperes are automatically di- 
vided between the two generators by means of an equalizing reactor, 
similar to the voltage drop compensator which operates to affect the 
voltage applied to the voltage-sensitive element so that the excita- 
tion applied to the generator carrying too much reactive is reduced 
and the other increased. 



Figure 59 . — Exciters , main and pilot . 


Overvoltage is prevented by the automatic insertion in the pilot 
exciter field circuit of a fixed block of resistance. The resistance is 
manually shunted out when normal voltage is recovered. 

Very low excitation, such as required for charging a long trans- 
mission line, is provided by a differential field winding on the main 
exciter which opposes the main field and is capable of effecting a 
slight negative exciter voltage. 

Genera torheaters. 

To preclude the possibility of condensation within the generators 
during periods of shut-down, heaters are installed to maintain the 
temperature above the dew point. Each generator is equipped with 
eight 2-kilowatts, single-phase, 60-cycle, 440-volt heaters. The 
heaters are spaced symmetrically around the inside of the generator 
below the windings. The operating range of the heaters is from a 
minimum of 650° Fahrenheit to a maximum of 75 0° Fahrenheit. 
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Acceptance tests. 

After complete erection, acceptance tests were made as follows: 

OX EACH GENERATOR 

1. Dielectric test of armature and field windings. Armature wind- 
ings 28,600 volts for 1 minute. Field windings 5,000 volts for 1 
minute. 

2. Resistance of armature and field windings. 

3. No-load saturation test. 

4. Short-circuit saturation test. 

5. Telephone interference factor determination. 

6. Overspeed test. 

ON ONE GENERATOR ONEX 

7- Conventional efficiency test, including the determination of all 
losses. 

8. Heat run to determine temperature rise under continuous load 
at rated output. 

9. Deviation of wave form factor. 

10. Test to determine direct axis transient reactance and negative 
and zero sequence reactances. 

11. Test to determine short circuit ratio and synchronous react- 
ance. 

The conventional over-all efficiencies are as follows: 


Load (percent rated kilovolt-amperes) 

Efficiency, percent 

Guaranteed 

Actual 

25 

93.4 

94. 729 


96.1 

97. 012 


97.0 

97.689 


97.3 

97. 968 



generator switching and connections. 

Each generator is switched and synchronized on the high voltage 
side of its step-up transformer hank. A motor-operated disconnect- 
ing switch is provided between the generator and the step-up trans- 
former bank, and the station service transformer circuits are taken off 
the main leads between the disconnect and the step-up transformers 
so that station service may be taken from the low- voltage side of either 
step-up transformer when the generator is shut down if desired. 

The generator leads consist of four 4-inch by %-inch copper bars 
per phase, mounted on porcelain supports and enclosed in sheet-metal 
housings with hinged access doors. These leads are carried to the 
electrical bay where similar housings are provided for instrument 
transformers, disconnecting switches, and surge protective equip- 
ment. From the electrical bay in the powerhouse to the transformer 
delta bus in the switchyard, a distance of some 400 feet, the leads con- 
sist of four 1,500,000-circular-mil, paper-insulated, lead-covered cables 
per phase, installed in 4-inch transite conduits embedded in concrete. 
The cables are arranged and transposed in such a way as to prac- 
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tically equalize the currents. The sheaths are grounded at about mid- 
point and the ends, including the compound-filled terminals, are in- 
sulated to prevent sheath currents. The delta buses at the trans- 
formers are of copper tubing on outdoor insulators and steel 
structures. 

MAIN TRANSFORMERS 

A. bank of three transformers connects each generator to the 151- 
kilovolt bus in the switchyard. Each bank is rated 56,000 kilovolt- 
amperes, 13.8/161 kilovolts, 55° centigrade, and is connected delta-wye. 
The neutral of each bank is grounded through a reactor. The trans- 
formers and the reactors are of the outdoor type, self cooled, 



FIGURE 60 . — Main transformers and switchyard. 


oil insulated, with inert gas seal. The gas space above the oil is 
sufficient to permit expansion and contraction of the oil under usual 
loading cycles. A pressure alarm circuit indicates low gas pressure 
and a relief valve limits excessive pressure. 

The transformers are designed to withstand a 5-second short cir- 
cuit with full sustained primary voltage. A resistance temperature 
detector in the low-voltage winding of each transformer is connected 
to a Leeds and Northrup temperature recorder on the main switch- 
board which has contacts to announce high temperatures. Each 
transformer is also equipped with an oil temperature device with 
alarm contacts connected to the switchboard annunciator. 

Each transformer is provided with one high-voltage, one neutral, 
and two low-voltage bushings. The high-voltage bushing is of the 
oil-filled porcelain type with glass oil-level indicator. The low- 
voltage and neutral bushings are solid porcelain type. 

Each transformer has a supporting base equipped with wheels 
which rest on steel rails mounted on concrete piers in the switchyard. 
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The transformers are served by a transfer ear and a motor-driven 
lift so arranged that the transformers can be rolled into the gener- 
ator room under the crane on their own wheels, thus conserving head- 
room. Any indoor servicing or untanking of the transformers is 
accomplished by rolling the transformers to the generator main floor 
where they are handled by overhead cranes and placed in the erec- 
tion floor space designed for electrical maintenance. The transformers 
were designed and manufactured by the General Electric Co. 

Transformer neutral reactors. 

The neutral reactor for each bank of transformers is of the out- 
door type, single phase, self cooled, oil insulated, inert-gas sealed, 
and is mounted on a concrete pad adjacent to the power transformers! 

Connections are made to the reactor through two exposed terminal 
bushings through the top of the tank. The neutral terminal is insul- 
ated for 34.5 kilovolts and the grounding terminal for 15 kilovolts. 
Copper tubes supported on insulators connect the reactor to the 
transformer bank neutral and the grounding terminal of the reactor 
is connected directly to the switchyard buried cable grounding sys- 
tem by bent bare copper tubes spaced away from the reactor tank. 

A 25-kilovolt thyrite resistor mounted on the cover of each reactor 
connects the neutral terminal to the grounding terminal so as to limit 
any transient voltage stresses to values consistent with the insulation 
strength of the reactor windings. The steel reactor tank has a 
magnetic shield of short-circuited copper strap located between the 
reactor core and the tank wall to prevent excessive heating of the 
tank which might be caused by a magnetic field. 

The reactor was designed by the transformer manufacturer spe- 
cifically for use with this bank of transformers, and the transformers 
were impulse tested at the factory with the reactor connected in 
place. 

SWITCHBOARDS AND CONTROLS 

Centralized control for the power plant and switchyard is pro- 
vided from a main switchboard located in a control room adjacent 
to the generator room. The switchboards include a bench control 
board and back-to-back vertical instrument and relay boards. Station 
battery distribution panels and station recorder panels are located, in 
the initial installation, adjacent to the instrument and relay panels, 
but space and building structures are so arranged that these panels 
may be later arranged in a separate board at the end of the control 
room if required by growth of the station. The control turret of the 
local and dispatching telephone systems is located on the operator’s 
desk which commands a view of all boards except the relay board. 

The generating units and auxiliaries are ordinarily started by the 
hydraulic operator and synchronized by the switchboard operator in 
the usual manner, but the control circuits are designed so that the 
switchboard operator can, if necessary, start the main units and 
auxiliaries with or without the aid of the hydraulic control, operator. 
The generating units can likewise be stopped from the main control 
room, but the stopping of the unit auxiliaries must be done by the 
hydraulic operator. 



134 


THE NORMS PROJECT 


The control room is air conditioned, lias double glass^ along the 
generator room Trail, and has an acoustical ceiling. Indirect light- 
ing is provided by suspended fixtures. 


SYMBOLS 

Ammeter 
£)— .Voltmeter 
©-. Wattmeter 
— Watthour meter 
— Reactive volt ampere meter 
_ — Speed indicator 
© — Temperature indicator 
© — Load control 
..Pilot light 
© — Synchroscope 
© — Ground indicator 
©-..Load recorder 
©—Graphic voltmeter 

Fr*g A time error recorder 

0 }— Overcurrent relay 

1 f ..Differentia I relay 
O L.Power directional 
© 4” Directional ground 
S — Transmitter 

(S3 — Receiver 
13— Auxiliary relay 
13— Hand oper rheostat 
30— Elec oper rheostat 

Directional impedance 
j f— Overvoltage relay 



Connection* 
gen No. 2 same a* 
for gen No. 1 


Figure 61 . — Single-line wiring diagram. 


Main switchboards and control wiring. 

The benchboard contains controls for the two generators, the two 
main transformer hanks, the high-voltage switchyard including the 
two I54r-kilovolt feeders, and the two station service transformers* 
The mam connections are indicated by miniature buses, using dis- 
tinguishing colors for the various voltages. 

The instrument switchboard contains instruments and meters for 
a £ ove circuits and an annunciator above the main panels. Toad 
ana frequency control, water level recorder and indicator, generator 
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temperature recorders, and various recording voltmeters are also 
located on this board in the initial installation. 

The relay switchboard contains protective relays for main station 
equipment, carrier current pilot relays for the 154 -kilovolt lines, 
equipment for automatic synchronizing, and protective devices for 
miscellaneous circuits. Battery distribution switches are also located 
on this board in the initial installation. 

All main switchboards are of dull-finished black steel. "Wiring is 
enclosed in perforated steel grilles behind panel edges and carried 
downward to terminal boards enclosed in steel compartments located 
in a control terminal room immediately below the main switchboard. 



Figure 62 . — Main control room switchboards . 


Most of the inter-panel connections are made in the terminal board 
compartments, thus greatly simplifying the switchboard panel wir- 
ing. The terminal cabinets also afford a convenient connection be- 
tween switchboard wiring and station cables. 

The terminal compartments are arranged adjacent to cable trays 
which extend from the terminal room through the powerhouse and 
on through a control cable tunnel under the switchyard. From the 
trays the cables are carried through comparatively short conduits to 
their terminations in the powerhouse and the switchyard. 

Unit exciter panels. 

Steel panels are provided in the concrete foundation of each gen- 
erator and contain main and pilot exciter rheostats, breakers, control 
relays, and necessary instruments for initial adjustments. They face 
the hydraulic operating aisle on the hydraulic operating floor. 
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Unit hydraulic gage boards. 

A steel hydraulic gage board is provided for each generating unit 
facing the hydraulic operating aisle on the hydraulic operating floor. 
Each contains instruments for recording thrust and guide bearing 
temperatures and for indicating generator air and” exciter air tem- 
peratures, thrust bearing oil level, and cooling water pressures and 
temperature- 

Station service and unit auxiliary boards. 

The station service and unit auxiliary boards are of the steel-en- 
closed, dead-front type. The station service board is located in the 
main control room and receives power at 460 volts from the two 
station service transformers and from a third emergency source. 
It controls feeder circuits directly to a number of the common sta- 
tion auxiliaries and to the unit auxiliary boards and other distribu- 
tion centers. The unit auxiliary boards serve the generating units 
and are located on the hydraulic operating floor. 

Station battery and control board. 

The station battery is the sealed glass jar type, consisting of 120 
cells mounted on wooden supports in the battery room. It has a 
capacity of 320 amperes for 8 hours or 40 amperes for 8 hours at 
250 volts with final voltage of 1.T5 volts per cell. 

Two motor-generator sets are provided for trickle charging the 
battery and supplying the normal load on the battery bus. Each 
set has a 30-horsepower, 440-volt, 3-phase, 60-cycle induction motor 
directly connected to a 20-kilowatt diverter-pole type direct-current 
generator having a maximum voltage rating of 280 volts. 

The control board consists of four steel panels of the dead-front 
enclosed type and is located in the east section of the powerhouse near 
the battery room. The board controls the station battery, the two 
battery charging motor generator sets, and the main distribution 
circuits. 

Control of generators. 

Indicating lamps are provided on the main control benchboard to 
show that the following conditions have been met before operating 
the gate control switch for admitting water to the turbine : 

1. Cooling water is flowing through cooling coils of the oil reser- 
voir for the thrust and guide hearing. ^ 

2. Cooling water is flowing through the generator air coolers. 

3. Generator main exciter field circuit breaker is closed. 

4. The governor oil pressure is within the normal operating range. 

The starting control circuit for each generator is interlocked to 

prevent the starting of the unit unless the above conditions have been 
fulfilled. The gate control switch is operated in such manner that 
the turbine bearing oil pumps are started by the first position of the 
switch before the gates are opened by the second position. 

The generator voltage regulator is normally left in service during 
the starting operation, and after the voltage builds up to normal the 
regulator automatically adjusts the generator voltage to the operat- 
ing value for which the adjusting rheostat has been set. A transfer 
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switch is provided in the control circuit so that automatic voltage 
regulation may be changed over to manual if desired. * 

Automatic synchronizing equipment is provided. This equipment 
includes speed matchers with suitable protective features to prevent 
closing of control circuits unless the phase angle and voltage are 
correct. Under automatic synchronizing, the synchroscope and syn- 
chronizing voltmeters are energized so that the operator may observe 
the operation of the synchronizing equipment. Synchronizing may 
also be done manually. 

Load and frequency control. 

The load ancl frequency control includes all necessary equipment 
for the automatic control of the station to accomplish any one of the 
following conditions of operation within the limits of capacity of 
the generating units: 

1. Maintain a selected tie-line load within predetermined adjust- 
able kilowatt limits. 

2. Absorb by tlie plant the load changes originating in its par- 
ticular area so as to minimize unnecessary power transfer over the 
line. 

3. Regulate the system frequency at 60 cycles with sufficient ac- 
curacy for satisfactory operation and timekeeping purposes. 

4. Maintain a fixed output for station base load by means of unit 
control for regulating stream flow or other system conditions.. 

5. Hold on each generating unit a fixed load, adjustable at will, in 
order to permit the station to operate as two independent stations. 

The control equipment is mounted on the main instrument switch- 
board and includes load control for the two main generators and for 
two 154-kilovolt lines, recorders for the two generators and the two 
154-kilovolt lines, and one frequency and time error recorder. 

Annunciator system. 

The annunciator system provides audible and visible signals in 
the event of trouble or improper operation of certain designated 
devices. Certain of the signals are transmitted both to the main 
control room and to the hydraulic operating floor*. Audible signals 
are automatically stopped at the end of approximately 10 seconds, 
but the visible signals, which are of the illuminated sign type, re- 
main lighted until de-energized by the operation of a reset button or 
until the trouble contacts reset. A group light is provided at each 
panel section to guard against the loss of signals in the event of an 
individual lamp burning out. All indications can be periodically 
tested by the main control operator or hydraulic floor operator by 
operation of test buttons. Each annunciator is provided with means 
for sounding a bell alarm when a fuse in the individual annunciator 
circuit is blown. 

Protective relays. 

The principal relaying schemes are shown in the diagram of 
figure 61. The generator differential relays are balanced between a 
set of current transformers in the main leads and a second set of half 
capacity in half the neutral leads. They thus detect ground faults, 
open-coil faults, and coil-to-coil faults. The relays are designed for 
four-cycle operation on 0.2 ampere. 
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When the relays operate, the main oil circuit breaker connecting 
the unit to the high voltage bus is locked out and can be reclosed 
only after the differential auxiliary relays have been reset manually. 

The differential relays for the main transformer banks operate 
from star-connected current transformers on the low-voltage side 
balanced against delta-connected current transformers on the high- 
voltage side. The relays are designed for four-cycle operation on 
4 amperes. The function of the differential relays for the trans- 
former is essentially the same as in the case of the generator in that 
auxiliary relays are energized to shut down the unit, but brakes 
are not applied to the generator rotor. 

The differential relays for the two station service transformers 
energize auxiliary relays for trip circuits essentially the same as for 
the main power transformers. Separate auxiliary relays for the 
annunciator system show when the differential relays for these trans- 
formers operate. 

The 154-kilovolt switchyard bus is protected by differential relays 
of the high-speed overcurrent type designed for four-cycle operation 
on 10 amperes. These relays operate from star-connected bushing- 
type current transformers in the 161-kilovolt oil circuit breakers. 
They energize auxiliary relays which are connected to trip all 161- 
kilovolt oil circuit breakers on the bus section. The breakers are 
automatically locked out until the differential and auxiliary relays 
are reset manually. 

Carrier current relay system. 

Carrier current relaying equipment is provided for protecting the 
154-kilovolt transmission line from Norris to Wheeler, a distance of 
approximately 218 miles. The carrier equipment utilizes phase A 
and ground wire for the complete metallic circuit, with coupling 
capacitors connected to phase A on both ends of the transmission 
line. The relay group is so designed that the direction of power 
flow at one end of the line in relation to the direction of simultane- 
ous flow at the other end of the line determines whether or not an 
electrical fault has developed on the protected line. The relay sys- 
tem will energize the oil circuit breaker trip circuits on both ends 
of the line in 0.05 second when a fault occurs but will not cause 
tripping of the breakers during instability of the system unless a 
fault occurs during the instability period. 

The transmitter-receiver unit of the carrier relay system is mounted 
in a weatherproof housing located in the switchyard. Protective 
equipment includes a^ grounding switch, gap, and drain coil, which 
are connected to the line coupling capacitor. 

The relay equipment is mounted on the relay switchboard in the 
main control room. Potential for the relays is supplied by resonant- 
type capacitor potential devices connected directly to the transmis- 
sion line, and the corresponding current values are obtained from 
bushing-type current transformers on the 161-kilovolt oil circuit 
breakers. 

The equipment is provided with a signaling arrangement for 
manually testing the carrier circuit. Equipment is also arranged 
to allow the use of a plug-in test telephone attachment for emergency 
communications between opposite ends of the transmission line. 
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Carrier current telephone system. 

A carrier current telephone system is provided which uses phases 
B and C of the 154-kilovolt transmission line. The present carrier 
panel arrangement permits two-way telephone communication be- 
tween Norris, CMckamauga, Wheeler, and Wilson. The system is 
used for general communication purposes, including load dispatch- 
ing and for giving orders and instructions to transmission-line pa- 
trolmen who have patrol cars equipped with carrier-current telephone 
receivers. The selective ringing equipment is so designed that any 
extension or telephone station can he selectively called from any other 
station on the same carrier panel by the usual method of dialing. 

Automatic telephone and signal system. 

Bocal communication and signal facilities are provided by auto- 
matic telephone and signal equipment which is interconnected with 
the carrier-current telephone system and can also be connected to the 
public telephone system through a manually-operated, key-type 
switching turret. The key-type turret and exchange desk are lo- 
cated in the main control room in front of the benchboard, and the 
automatic switching equipment is located in the telephone room. The 
exchange provides for continuous day and night service without 
manual operation except for toll or other similar service. 

Executive right-of-way service is provided on one line in the main 
control room which permits the head operator to make emergency 
or important calls to busy telephones by breaking in on established 
connections. 

Conference service for a maximum of six telephones is provided 
for, the signal for conference calls being a steady, uninterrupted 
ringing of the called station. If the called station should be en- 
gaged an identifying tone signal is automatically put on the line to 
indicate that a conference is being called without interfering with 
the conversation. 

A code call service of the usual type is provided. A call may be 
initiated from any telephone station by proper dialing for code call 
prior to dialing the station number. The code call equipment is 
mounted in the same cabinet with the automatic telephone apparatus. 

Station clock system. 

An accurately controlled 60-cycle frequency, 115- volt, 1,000- watt 
power supply is provided for driving all station clocks and recording 
instrument charts. The power supply equipment includes essentially 
a tuning fork, a motor-generator set, and control and distribution 
cubicle with accessory devices. The tuning fork is of the self -starting 
dynamic type driven by duplicate vacuum tubes. It is mounted in 
a constant-temperature case which, makes the accuracy of the con- 
trol devices independent of changes in room temperature. The de- 
sign of the tuning fork is such that its accuracy is not affected by 
the voltage variation of the supply battery, and the output is such 
that when checked daily against Arlington time signals the error 
will not normally exceed 0.T5 second (plus or minus) per day. The 
entire clock system is guaranteed to have an over-all accuracy such 
that the secondary clocks will have a variation from correct time 
not exceeding 2 seconds per day. 
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AUXILIARY POWER, LOW- VOLTAGE WIRING, GROUNDING, AND 

LIGHTING 

Auxiliary power supply. 

Power for station service and unit auxiliaries is obtained from two 
step-down transformers connected to the main generator leads between 
the disconnects and the step-up transformers. Each is rated 750 kilo- 
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Figure 63 . — Station service single-line diagram . 


volt-amperes, 3 phase, 60 cycles, 13,200 volts (wye), 480 volts (delta) 
and are of the outdoor type, self cooled, oil insulated, and nitrogen gas 
sealed. They are located outdoors on the upstream side of the power- 
house in individual recesses of the powerhouse building structure. 

To provide against concentrating the capacity or both auxiliary 
transformers on the station service bus at one time, which would re- 
quire high interrupting capacity in the breakers and also might 
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result in objectionable cross currents between generators, the two 
transformer breakers at the 460-volt bus are interlocked with the 460- 
volt bus tie breaker so that not more than two of these three breakers 
can be closed at once. . This interlock is also carried on throughout 
the auxiliary power circuits as is necessary to prevent paralleling 
the two auxiliary power transformers anywhere in the station. The 
interlocks are all arranged so that in case transfer of load from 
one bank to the other is necessary, the load must be disconnected in- 
stantaneously, as this is believed to involve less operating hazard 
than would result from paralleling momentarily. 

The auxiliary switching is from switchboards of the dead-front 
or cubical type, equipped with carbon circuit breakers. The station 
auxiliary board provides nine circuits for the principal powerhouse 
and dam operating equipment as follows : 

1. Unit auxiliary board. 

2 . Crane in generator room. 

3. Dam power. 

4. Intake gate hoists. 

5. Battery charging sets. 

6- Compressors. 

7. Electrical heating and air-conditioning. 

8. Station lighting. 

9. Miscellaneous distribution and lighting. 

Since the two station-service transformers are connected to the 
main leads on the transformer side of the generator disconnecting 
switches, they may be energized when the generators are shut down 
and disconnected. The usual operation is with the 460-volt bus tie 
breaker closed and the entire load supplied from one or the other 
but not both of the station-service transformers. To provide auxili- 
ary power, lighting, and heating when neither generator is needed 
for generation or for condenser operation and when it is not desir- 
able to energize a main transformer bank for the small station- 
service load, a small station-service emergency transformer is pro- 
vided to take energy from the tertiary of the auto transformers in 
the switchyard. 

Low voltage wiring. 

Cables for auxiliaries, control, and miscellaneous indoor station 
equipment are insulated for 1,000 volts with Performite rubber com- 
pound, having at least 35 percent by weight of best-grade new rubber, 
the compound being highly moisture resisting, superaging, and cap- 
able of operating continuously with a maximum copper temperature 
of 75° C. The cables are braid covered with moisture-resisting, 
flameproof, cotton braid except where the cables are subject to exces- 
sive moisture, such as for the dam and for the switchyard, in which 
cases the cables are lead covered. Vertical risers in the dam are 
steel armored. Cables to the switchyard are run on cable trays 
through a concrete tunnel and thence in galvanized steel conduits 
to the equipment. Power and control cables for the dam are run 
in galvanized steel conduits supported on racks in the inspection 
and operating galleries, but where the conduits pass from the power- 
house to the dam they are embedded in concrete. Wherever practi- 
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cal to do so, all steel conduits for power control and miscellaneous 
cables within the generating station are embedded in concrete walls, 
floors, and foundations. 

Grounding system. 

The grounding system for the power plant, dam, and switchyard 
consists of a network of bare cables connected to two main grounding 
mats. One ground mat is located on the upstream side of the dam 
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Figure 64 . — Grounding system for dam , powerhouse, and switchyard . 


and connected to the steel penstocks and scroll cases, and the other 
is in filled ground under the parking area downstream from the power- 
house. The mats are of bare copper cables thoroughly brazed at all 
cross-connections and to numerous copper-weld rods. The brazed 
connections were thoroughly painted with asphaltum before being 
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covered or buried. The cables connecting the grounding system to the 
mats are rubber insulated and provided with test stations at which 
periodic ground resistance tests can be made. 

Lighting. 

The lighting system is 115/230-volt, single-phase, supplied from 
a 100-kilovolt-ampere transformer and distributed through four 
lighting cabinets. An independent 250- volt direct-current emergency 
system with automatic control is available at all important operating 
points and in passages and stairways. 

The generator room lighting is provided by twenty 750-watt high- 
day, direct-type commercial lighting units. The main control room 
is lighted by eight 1,000-watt totally indirect units. The reception 
room is provided with fixtures of special design harmonizing with 
the architectural treatment of the room. It includes a rectangular, 
totally indirect unit in the center for general illumination and 
louvered strip lights with control lenses for direct illumination of 
murals and wall displays. The remaining powerhouse lighting fix- 
tures are of the standard types usually employed for similar service, 
with a few cases of semi-special units adapted to local conditions. 

The exterior of the powerhouse is provided with special wall fix- 
tures with control lenses for local illumination. The soffit over the 
main entrance is provided with recessed flush-type ceiling fixtures 
with stippled diffusing lenses. 

The roadway on top of the dam is lighted by low-type lighting 
units of a special design which serve also as supports for the hand- 
rails. The units, which are mounted on approximately 11-foot 
centers, are provided with 100-watt lamps, control lenses, and louvers 
so arranged optically as to direct the light output toward the road- 
way with practically complete cut-off above the horizontal. A dense 
opal glass panel on the back of each unit provides outline lighting 
which is clearly visible both upstream and downstream from the 
dam. Control is by photoelectric relay. 

The galleries in the dam are lighted by fixtures supported by 
exposed conduits clamped to the gallery ceiling. Fifty-watt lamps, 
spaced approximately 20 feet apart, are installed in an upward posi- 
tion in cone-shaped recesses in the concrete which are painted white 
to serve as effective reflectors. . 

The switchyard is lighted with 300-watt Holophane substation fix- 
tures mounted on brackets from the steel structures. A small group 
of the lights is automatically controlled by a photoelectric relay. 

Twelve 1,000- watt floodlight units illuminate the downstream face 
of the dam, spillway, and powerhouse. 

POWER PLANT AUXILIARIES 

Water level gages. 

Four water-level gages of the selsyn type are provided for con- 
tinuously indicating and recording headwater and tailwater levels. 
Three gages are installed for indicating and recording the headwater 
elevations, two in float wells which are connected to the reservoir 
inside of the two trashrack structures, and one in a well connected to 



144 


THE MORRIS PROJECT 


the reservoir outside of and between the two trashrack structures. 
The fourth gage is installed in a well which is connected to the tail 
water in the tailrace. 

Each gage consists of a float, tape, and balanced counterweight 
mechanism for transmitting the vertical motion of the float'; a selsyn 
motor transmitter; and a counter-type indicating device. The re- 
corders and remote indicators consist of a selsyn motor receiver, a 
counter-type indicator, and an electric clock driven strip chart. 

The stilling wells for each of the gages are formed in the concrete 
of the dam for the three headwater gages and in the powerhouse 
substructure for the tailrace gage. 

The receivers and recorders are mounted on the instrument board 
in the main control room. 

Oil purifier, storage, and piping system. 

Only two types of oil are used, transil oil for the transformers and 
oil circuit breakers, and governor and lubricating oil. A separate dis- 
tributing system is provided for handling each type to and from the 
equipment. 

The oil purifier is of the combination centrifuge and filter press 
type, manufactured by DeLaval Separator Co. It is a self-contained 
unit mounted on a common base plate with centrifuge, centrifuge 
motor, dirty-oil pump, clean-oil pump, strainer, electric heater, auto- 
matic temperature control, thermometers, filter press, electrically 
controlled gages, sampling cock valves, fittings, and piping. 

The centrifuge is capable of purifying transformer and circuit- 
breaker oil containing 1,000 volumes of water in 1,000,000 volumes of 
oil in a single pass at a temperature of not over 50° C., and delivering 
1,200 gallons of purified nonaerated oil per hour containing less than 
5 volumes of water in 1,000,000 volumes without the aid of the filter 
press. The centrifuge is also capable of purifying the same quantity 
of lubricating and governor oil at a temperature of not over 60° 0. 
The filter press is capable of removing fine particles of carbon or dirt 
from transformer or oil-circuit-breaker oil at the rate of 1,200 gallons 
per hour. The heater is capable of raising 1,200 gallons per hour of 
transformer and oil-circuit-breaker oil from minus 12° C. to plus 
50° C. or 600 gallons per hour of lubricating oil from minus 12° C. 
to plus 60° C. in one pass. 

A portable dielectric testing set and a filter paper drying oven 
are also included in the oil purifier equipment. 

Two oil pumps serve to transfer the oil for the oil circuit breakers, 
transformers, governors, and lubrication. The pump which handles 
the transformer and circuit-breaker oil is a herringbone -gear-type 
rotary pump, with a capacity of 200 gallons per minute at 70 pounds 
per square inch pressure, and is directly connected by a continuous 
spring flexible coupling to a 15-horsepower motor. The pump for 
the governor and lubricating oil is a gear-type rotary oil-pumping 
unit with a capacity of 38.6 gallons per minute at 20 pounds per 
square inch pressure and is direct connected to a three-horsepower 
motor. Each pumping unit is equipped with an unloading device. 

Five tanks are provided for oil storage as follows : 
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Tank No. 

Function 

Capacity 

1 

Until tered transformer oil . 

Gallons 
12,000 
8,000 
32,000 
2, 400 
2, 400 

2 

Unfiltered circuit-breaker oil 

3 

Filtered transil oil 

4 - 

Filtered governor and lubricating oik . __ 

5 

Unflltered governor and lubricating oil 




All of the tanks are of all-welded steel construction and rest on rein- 
forced concrete saddles. 

The oil-purifier equipment, oil-testing equipment, and pumps are 
located at the east end of the powerhouse at elevation 847. The 
storage tanks are in an adjacent room on the same floor level. 

Compressed air system. 

Two stationary air compressors with after-coolers and air receivers 
are included in the plant equipment. These furnish compressed air 
at 100 to 125 pounds per square inch gage pressure for operating 
generator brakes, actuator, miscellaneous pneumatic tools, and fur- 
nishing compressed air for trashracks and cleaning lines. Both com- 
pressors are of the stationary, single-stage, horizontal straight-line, 
center-crane type. The larger of the two stationary compressors has 
a capacity of 330 cubic feet of free air per minute and is driven by a 
75 -horsepower motor. The smaller of the two stationary compressors 
has a capacity of 25 cubic feet of free air per minute and is driven by 
a 15-horsepower motor. A small portable compressor for furnishing 
air at a pressure of 300 pounds per square inch to the governor system 
is also included in the plant equipment. This compressor has a capac- 
ity of 8 cubic feet per minute and is driven by a 3-horsepower motor. 
The two stationary compressors are located on the elevation 847 floor, 
adjacent to the machine shop area. 

Traveling crane. 

A Harnischfeger crane of the indoor overhead traveling type is 
provided in the main powerhouse building for handling the heavy 
parts of the generator and turbine during erection, maintenance, or 
repairs. It is electrically driven and equipped with two trolley car- 
riages, each provided with a main and an auxiliary hook. The rails 
on which the crane operates are located on top of the main powerhouse 
structural steel columns at elevation 893. Power is supplied through 
copper angle conductors located on the side of the crane girder below 
the runway rails. The rated full-load capacity of the crane is 250 tons, 
exclusive of the lifting beam, which is utilized in handling the large 
pieces of equipment. Each auxiliary hoist has a capacity of 20 tons. 
The travels and speeds are as follows: 


Travel in Speed feet 
feet per minute 


Main hook 

Auxiliary hook 

Trolley cross travel . . 
Bridge travel 


5 

35 

30 

(*) 105 


i Length of powerhouse. 

155813 — 40 11 
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Figure 65 - — Powerhouse crane. 


Air Conditioning 

An all-year air-conditioning plant is provided for the visitors’ 
reception room and toilets, the administration office, and the control 
room. The cooling unit consists of a central cooling coil through 
which reservoir water at a temperature between 40° and 50° F. is 
circulated under control of a solenoid-operated valve. The heat- 
ing unit consists of a central blast heater and a humidifier. The air- 
distribution system is through galvanized sheet steel ducts and circu- 
lation is accomplished by a mam distribution fan, two exhaust fans, 
and dampers and grilles. The entire system is automatically 
controlled. 

The reception room, office, and control room are served by two 
separate systems of sheet-iron ducts. One carries conditioned air 
from and the other returns air to the motor-driven fan from the main 
air-distribution plant. The toilet rooms are indirectly conditioned, 
air from the reception room being drawn through grilles in 
the connecting doors and then exhausted to the atmosphere through 
ducts by a motor-driven fan. The air returning to the main air- 
conditioning plant is mixed with fresh air in relative proportions 
as regulated by manually operated mixing dampers at a point just 
ahead of the cooling unit on the suction side of the fan. The fresh 
air is drawn through a duct from a grille located in the parapet wall 
on the north side of the building. 

The central blast heater consists of a number of finned electric 
strip heaters set into a rigid steel frame and installed in the sheet- 
metal duct. The capacity of the heater is 72 kilowatts divided 
equally between four circuits of 18 kilowatts, each delta-connected 
for 440- volt, 3-phase service. The humidity of the conditioned 
air is regulated by discharge into it of live steam generated in an 
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electric heater. The humidifier is under the automatic control of a 
humidistat. 

Air for the generator room is cooled by a surface cooler through 
which water drawn from the reservoir at a temperature of between 
40 and 50° Fahrenheit is circulated. The circulator fan draws air 
across the surface cooler and discharges the cool air into the pipe 
trench in the elevation 847 floor and thence through the building 
and back to the fan room through two large grilles in the west wall 
of the fan room. Four exhaust fans located near the ceiling of the 
powerhouse building in the upstream wall handle the discharge of 
air from the building. The fans are automatically started by a differ- 
ential switch when the inside air becomes 5° Fahrenheit warmer than 
the outside air provided the inside air is above 60° Fahrenheit. 

Exhaust from the oil-purifier room, oil-storage room, battery room, 
and the room in which the carrier current, frequency, and battery- 
charging sets are located is handled by another exhaust fan m ounted 
in the oil-purifier room. This fan is manually controlled and operates 
continuously. The generator room, circulating fan and the exhaust 
fan in the oil-purifier room are automatically shut down whenever the 
carbon dioxide system operates for either the oil- storage or purifier 
room. ‘ Fire louvers are provided in the two oil-storage room intakes, 
in the west wall of the oil-storage room, in the oil -purifier room intake, 
and in the wall between the oil -storage and purifier rooms. Another 
fire louver is provided on the oil-purifier room discharge. The fire 
louvers are automatically closed upon operation of the carbon-dioxide 
system for the oil-storage or oil-purifier room. 

A separate ventilating fan and system of ducts and grilles handles 
the ventilation of the employees’ locker room and toilet, telephone 
room, station-service room, and oil circuit breaker No.’S room. The 
exhaust for this system is in the west wall of the janitor’s room. 
The ducts for this system are carried in the space between the ceiling 
and the roof. 

Water supply. 

The raw water supply is obtained from the two penstocks by a 
14-inch pipe attached to each penstock at elevation 832. The water 
passes through a duplex strainer and thence to two main pipes, one 
of which enters the main pipe trench where a cross is provided from 
which three other lines lead off. The other main pipe supplies 
water to the eductors. The three lines branching off from the cross 
in the pipe trench serve to convey cooling water to the two genera- 
tor cooling systems, the turbine guide bearing, the thrust bearing 
and upper guide bearing, the air conditioning, the cooling and ven- 
tilating system, and also supplies water to the turbine seal rings 
when the unit is motoring. A surge line takes off the line to the 
trench and extends to the roof of the powerhouse. 

The domestic water supply for the power plant is obtained from 
the town of Norris water supply reservoir through a 3- and 4-inch 
service main. The service line enters the powerhouse through the 
east wall of the oil-purifier room near the ceiling and tees into a 
line which extends on one branch of the tee to the overhead fire pro- 
tection sprinkler system in the oil storage room and on the other 



148 


THE JSTORRIS PROJECT 


branch to a -valve pit in the floor of the oil purifier room. In the 
valve pit, the four-inch high-pressure line connects to a pressure- 
reducing valve which reduces the pressure to 60 pounds per square 
inch for distribution as drinking water, as a cooling water supply 
for the station compressed air plant, and to the sanitary facilities. 
A . bypass is provided around the pressure-reducing valve for emer- 
gency purposes in case of the failure of the pressure-reducing valve. 
The 4-inch high-pressure line also continues from the valve pit in 
the main pipe trench from which pipes lead to the fire cabinet and 
the overhead sprinkler system in the fan room and oil purifier room. 
The 4-inch high-pressure line is reduced to a 3-inch line after it 
leaves the pipe trench near the west end of the powerhouse and 
extends to a 20,000-gallon capacity fresh water tank on top of the 
hill on the west bank of the river. The pipe extends to the 880 
gallery of the dam through the 880 adit and thence along the gal- 
lery wall to the top of the dam. It runs from there in a trench to 
the tank. The tank serves as an emergency water supply in case of 
failure of the main supply line from the Norris town reservoir. 

Sewage disposal. 

Disposal of the sewage from all the sanitary facilities is by a 
single septic tank located adjacent to the downstream east corner of 
the powerhouse. The tank discharges into the tailrace through a 
6-inch soil pipe. 

Fire protection equipment. 

A carbon dioxide fire extinguisher unit is provided in the power- 
house for protection against fire in the two generators, the oil puri- 
fier room, and the oil storage room. The system is composed of two 
independent banks of carbon dioxide cylinders. 

The system is arranged for either thermoelectric, push-button 
electric, or manual release to the 2 generators, each of which has an 
air space of 10, TOO cubic feet. The equipment for each 20-cylinder 
bank is arranged for an initial discharge of 10* cylinders and a 
series of 5 delayed discharges of 2 cylinders each to either generator. 
The equipment is also arranged so that by means of a throw-over 
switch, either bank pan be placed in readiness for automatic opera- 
tion for the protection of the generators and the other bank placed 
in reserve. Additional equipment is provided for release by push- 
button electric or manual control of 10 cylinders from 1 bank to 
the oil purifier room with an air space of 12,500 cubic feet and 10 
cylinders of the other bank to the oil storage room which has an air 
space of 15,500 cubic feet. The throw-over switch for the automatic 
operation to the generators does not affect this equipment. 

In addition to the carbon dioxide system, an automatic overhead 
sprinkler system is provided in the oil purifier, oil storage, and fan 
rooms. The water supply for the sprinkler system comes from the 
high-pressure domestic water line. The sprinkler system supple- 
ments the carbon dioxide system. 

Fire louvers and fire doors are provided to supplement the fire 
extinguisher equipment. Fire louvers are provided in the ventila- 
ting intakes of the oil storage rooms and in the ventilating intakes 
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of the oil purifier room. Fire doors are provided for the two doors 
to the oil storage room. 

Portable equipment . — The switchyard is provided with two port- 
able fire extinguishers, one on each oil circuit breaker level. The 
extinguishers are 40-gallon capacity, truck type, foamite, manufac- 
tured by the American La France & Foamite Industries, Inc. They 
are housed in small concrete structures heated by 1-kilowatt electric 
heaters to prevent the foamite from freezing in cold weather. The 
trucks are equipped with large diameter wheels for easy transporta- 
tion to any part of the switchyard. 

Machine shop* 

The machine shop is located in the upstream west corner of the 
powerhouse, adjacent to the erection bay and is not enclosed. The 
equipment includes a lathe, a pipe threader, an upright drill, a sensitive 
drill, a grinder, a hack saw, and a shaper. It is sufficient to handle all 
necessary machine shop work for normal maintenance of the plant. 

POWERHOUSE SUBSTRUCTURE AND SUPERSTRUCTURE 


The substructure of the powerhouse is composed largely of mass 
concrete founded on solid rock. The walls included in the substruc- 
ture are all of reinforced concrete. The draft tubes for the two tur- 
bines are formed in the concrete of the substructure. Reinforced 
concrete piers support the draft tube roof slab and the walls and 
deck above the draft tube roof which form the stop-log deck and 
storage compartment. The upstream end of each pier is formed by a 
pier-nose casting of grade 2 (medium) cast iron. 18 The substructure 
concrete also surrounds the scroll case and the connections to the 
penstocks. 

Access to the draft tubes is through galleries formed in the con- 
crete of the substructure upstream from the draft tubes. The an- 
chor bolts for the structural steel of the powerhouse superstructure 
are embedded in the substructure concrete. 

The design of the concrete portion of the powerhouse was based on 
the concrete having an ultimate compressive strength of at least 
3,000 pounds per square inch and the sum of the combined working 

stresses not exceeding I "Working stresses in 

pounds per square inch 


Tension in reinforcing- steel 18,000 

Compression on the extreme fiber of concrete 1,050 

Same, but adjacent to supports of continuous or fixed beams or of rigid 

frames 1, 200 

Punching shear on concrete 225 

Shear or diagonal tension 60 

Bond on deformed bars ISO 

Bond on plain bars 120 

Bearing on concrete: 

Toad over entire area 750 

Toad over partial area — maximum 1, 050 

Bearing on rock 40, 000 


The construction, joints in horizontal planes were designed so that 
the area of the keys would be sufficient to carry the total horizontal 


18 Federal Specification QQ-S— 681. 
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shear without exceeding a stress due to punching shear on the keys 
as specified above but in no case were the keys to constitute less than 
20 percent of the total area of the horizontal surface. Keys were 
proportioned on the assumption that frictional resistance at a coeffi- 
cient of 0.5 was available on planes where the normal load was 
compressive. 

Sufficient horizontal reinforcement was placed in the draft tube 
piers to sustain the bending stresses induced by the resultant of a 
moment caused by the horizontal shearing force acting at the eleva- 
tion of bedrock. Reinforcement in the draft tube was proportioned 
for a gross hydrostatic uplift of 10 feet. 

The superstructure is composed of a framework of structural steel, 
encased in reinforced concrete, and reinforced concrete walls. The 
floors are reinforced concrete slabs resting^ on structural steel con- 
crete-encased floor beams. The roof is carried on steel Howe trusses 
supported by column extensions attached to the crane columns de- 
signed to support the crane girders as well as the roof. Equipment 
loadings used in the design of the floors and substructure were : 

Load in pounds 


Weight of generator (complete) 

Weight of generator rotor 

Weight of generator shaft 

Weight of water wheel (complete) 

Weight of water wheel runner and shaft 

Thrust load on water wheel 

Generator short circuit torque 

Weight of transformer 

250-ton crane 


1, 672, 000 

500. 000 
52, 000 

1, 225, 000 

165.000 
500, 000 

1, 360, 000 

160. 000 

o 


J 8-wheel concentrations of 80,000 pounds each, on each rail, spaced 8 feet, 4 feet 8 
Inches, 3 feet, 6 feet 3 inches, 3 feet, 4 feet 3 inches, 3 feet. No impact allowance was 
included in these concentrations in the designs of the substructure as impact will be 
dissipated before reaching the substructure. 

Load in 


Floor live loadings used in design were : 


pounds per 
square foot 


Floor at elevation S30 under assembly bay floor 300 

Assembly bay floor at elevation 847 1, 006 

Unloading bay floor at elevation 866 , 1, 000 

Machine shop floor at elevation 847 300 

Electrical bay floors at elevations 855 and 866 (also reception room floor)- 150 


The crane runway girders were designed for a 250-ton crane, plus 
10-percent impact, plus side thrust at each wheel of 6,500 pounds, 
plus a longitudinal thrust of 32,000 on the entire girder. 

The columns for the powerhouse superstructure were designed for 
a live and dead crane load of 425,000 pounds, live and dead roof 
load of 131,000 pounds, wind load of 500 pounds per foot of column, 
and a crane side thrust of 31,000 pounds, or a combination live and 
dead roof load, plus 33 feet of water load, plus a wind load of 200 
.pounds per linear foot. In this latter combination the stresses were 
allowed to go just below the elastic limit of the steel. Crane live 
load was not considered. 


The roof was designed for a live load of 75 pounds per square 
foot, plus a dead load of 95 pounds per square foot. 

. On the outside of the concrete walls^ an appearance of matched- 
joint, large, stacked stone has been obtained by using lumber rough- 
sawed on one face for lagging with the direction of the lagging and 
alternated from horizontal to vertical in adjacent blocks. The block 
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appearance is emphasized by what appear to be joints between 
blocks, obtained by using V -shaped strips to separate adjacent blocks. 
The inside of the concrete walls is finished smooth. The outside of 
the walls received no treatment other than that produced by the 
board marks which are lightly visible and give a very pleasing 
appearance. 

The window arrangement is somewhat unusual to customary 
practice for box-shaped powerhouse structures- The windows are 
arranged with their longest dimension in a horizontal direction 
rather than vertical. _ In the downstream wall, the windows are 
arranged in four horizontal rows, with eight windows in each row. 



Figure 66. — Architectural treatment. 


A wall space about equal in vertical dimension to the vertical di- 
mension of the window opening separates each two horizontal rows 
of windows. The same general window arrangement is followed on 
the west wall and the upstream wall of the powerhouse. The bottom 
row of windows on the downstream wall is equipped with six pro- 
jecting aluminum sashes with hand-operated mechanical window 
openers. The glazing for all windows is y 8 -inch-thick grade A 
Coolite ribbed glass, except the bottom section at the east end of 
the downstream wall, which has polished clear glass. 

The opening in the east wall of the building is provided with a re- 
movable transom and double swinging doors built entirely of aluminum 
and glazed with polished clear glass. The opening, which is 18 feet 
2 inches wide and 31 feet high, provides clearance for the movement of 
the largest piece of equipment that will be moved into or out of the 
building. 
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Small doors in the powerhouse are of all-aluminum frame with 
either clear glass, opaque glass, or fixed louver-filled openings de- 
pending on the location and function of the door. 

The operating floor and machine shop floor at elevation 847 and 
the floor of the balcony and unloading bay at elevation 866 is brick- 
red quarry tile with quarry-tile base. The floors of the visitors’ 
reception room and toilet and the employees’ locker rooms are of 
terrazzo with precast terrazzo base. The main control room, the 
telephone equipment room, and the administration office floors are 
covered with linoleum on concrete. The other floors in the powerhouse 
are “steel trowel finish” concrete. 



Figure 67 . — Visitors' reception room. 


The exposed portion of the structural steel framework of the 
powerhouse building is finished with a dull-gray paint. The steel 
was given the usual red-lead shop coat at the fabricator’s plant, 
and after erection a patch coat of red lead was applied to all field- 
driven rivets and surfaces where the shop coat had been damaged 
m handling. A primer coat was applied to the entire exposed sur- 
face prior to the application of the finish of dull gray. In the 
remainder of the powerhouse building, except where plain concrete 
surfaces were left untreated, the walls and ceilings were given spe- 
cial fi nis hes to suit the requirements. 

The powerhouse, control room, and reception room have flat roofs 
built of precast concrete slabs laid on purlins, over which is placed a 
nve-ply built-up Johns Manville 20-year-guarantee roof. Above the 
roo 5 another layer of precast concrete slabs is arranged so 
that they rest on precast concrete discs, 10 inches in diameter and two 
inches thick, which in turn rest on the built-up roofing. The air space 
between the top slab and the built-up roofing is desirable in preventing 
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condensation and as heat insulation. The roof of the powerhouse is 
exposed to view from the roadway across the top of the dam and from 
the surrounding hills and overlooks. It was desirable to finish it in 
a manner that would harmonize with the powerhouse walls and the 
dam, and for this reason the concrete slabs were used. 

The early powerhouse designs included two outlet conduits, each 
provided with a separate inlet structure, an emergency gate, and 
an 84-inch needle valve. These conduits were located in block 86 
just west of the turbines in the powerhouse. The conduits would 
have served the purpose of releasing small flows through the dam, 
and in conjunction with the main outlet conduits, in securing close 
regulation. Because close regulation of flow could be obtained either 
with the slide gates or through the turbines, these conduits, together 
with their needle valves, slide gates, and intake structures, were deleted 
from the final design, and the affected portion of the powerhouse 
rearranged. 

Through omission of the butterfly valves in the penstocks the power- 
house was moved upstream 22 feet 6 inches. Further studies indicated 
that the superstructure could be reduced in height and width. The 
height was reduced 27 feet 11 inches. 

The generator room floor in the powerhouse, together with the pro- 
tective powerhouse wall, was lowered 14 feet to elevation 866. They 
had originally been designed for a tail water level of 880. Further 
study of gaging records below the dam indicated that occurrence of 
levels above elevation 866 would be too infrequent to require con- 
sideration and that the normal tail water should be established at 
elevation 826 instead of 888 as originally assumed. Accordingly the 
draft tube deck was lowered from elevation 847 to 836. 

SWITCHYARD 

The switchyard is located on the hillside east of the powerhouse 
and downstream from the dam. It covers an area 132 feet wide 
and 180 feet long, and is so arranged that future extensions can 
be made downstream from the present installation. The hillside loca- 
tion was conveniently adapted to a three-level arrangement. The main 
transformers and neutral grounding reactors are located on the lowest 
of the three levels for convenience in handling. The oil circuit breakers 
are located on the other two levels. 

The transformers, oil circuit breakers, and neutral reactors rest 
on reinforced concrete pads, and the structural steel is supported on 
concrete footings. The surface of the yard is of crushed stone. The 
tunnels which house the cables, connecting the generators with the 
transformer banks, and also the control cables, are of reinforced 
concrete construction. The transformer-transfer handling equip- 
ment is all outside of the switchyard area proper and all rails are 
flush with the roadway. The transfer car lift pit, also flush with 
the roadway, is on the longitudinal center line of the powerhouse. 

Structures. 

The principal concrete structures in the switchyard are the cable 
tunnel, the structure footings, and ‘the equipment pads. Miscel- 
laneous concrete structures include the stairways, walkways, and 
minor retaining walls. 
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The cable tunnel is composed of two parts, a single tunnel con- 
necting the switchyard with the powerhouse and a double-deck tun- 
nel which extends the entire length of the yard parallel to the 
longitudinal center line of the yard. In the design of the pull room 
walls and bottom slabs, Investigations were made using earth and 



water loads on the hillside together with uplift on the base. The 
structure was designed as a rigid frame. Since the tunnel acts as 
a retaining wall for the area east of the tunnel, anchorage against 
rock WS accom P lished b y means of vertical anchors into the 
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All footings for the structural steel are reinforced by means of 
vertical and hook reinforcing bars. In order to resist the combined 
column thrust and uplift, all footings are anchored by means of 
bars, wedged and grouted in drill holes to a minimum depth of 
10 feet into solid rock. The bottom of all footings is carried to 
solid rock. In the cases where footings exceed 8 feet 6 inches in 
height, larger footings 5 feet 2 inches by 6 feet 6 inches are provided 
below the maximum limit. 

The transformer-transfer car track, which extends from the power- 
house to the lift pit, has a solid concrete substructure extending 
to rock. 



The bus and switch supporting structure is the conventional ^ lat- 
ticed galvanized steel column and girder construction, with switch- 
yard towers in the form of A-frame extensions attached to the top 
of the main structure. The connections, both field and shop, are 
all bolted. 

Equipment. 

The oil circuit breakers are each rated 600 amperes, 161 kilovolts, 
60 cycles, with an interrupting capacity of 1,500,000 kilovolt-am- 
peres. The breakers are single throw, 250- volt direct-current control, 
solenoid operated, trip free, and fully automatic. Each phase is in an 
individual tank, with all poles of one breaker unit-operated by a com- 
mon enclosed mechanism. The three tanks of one unit and the solenoid 
mechanism are mounted on a common concrete pad. The breaker 
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tanks and covers are made of boiler-plate steel. In addition to a relief 
vent, each tank cell is provided with a pebble-filled separating chamber 
which permits the escape of gases during normal interrupting duties, 
condenses oil vapors, and returns the oil in a cooled condition to the 
tank. The terminal bushings are the usual oil-filled, outdoor type, with 
sight oil gages and with valves for taking oil samples. The bushings 
contain the necessary current transformers required for station control. 

The disconnecting switches are rated 161 kilovolts, 600 amperes, 
triple-pole, single-throw. They have pedestal-type insulators mounted 
in underhung positions. Isolating switches, such as for the oil 
circuit breakers, are manually operated, and the selective switches 
for the transfer bus and sectionalizing of the transfer bus are motor 
operated. , 

The buses are of B-inch standard iron pipe size, liard-drawn 
copper tubing, and are supported on pedestal insulators spaced 32 
feet apart. Phase separation is 8 feet 6 inches and ground clearance 
7 feet. Connections to the buses are made with 500,000-circular mil 
bare copper cable and clamp- or bolted-type connectors. The cables 
are supported with strain insulator assemblies generally, with a few 
cases where connections are made by copper tubes which in turn are 
supported by pedestal insulators. 

Lightning arresters are installed near the transformers. They 
are outdoor type, three-phase, suitable for operating on a grounded 
neutral system. ISTo arresters are connected directly to the buses or 
transmission lines, but the latter have protective spill gaps where 
the lines enter the switchyard. The gaps are 36-inch round rings 
made of 1-inch standard galvani zed-steel pipe and are mounted di- 
rectly on the caps and bases of pedestal -type insulators. The bot- 
tom rings of the gaps are furnished with adapters for adjusting the 
gap spacing from 33 to 45 inches in steps of 1 inch. The transmis- 
sion lines leaving the structure have overhead ground wires for light- 
ning protection. The ground wires are tied solidly to the steel struc- 
ture. All steel supporting structures, equipment, frames, and tanks 
are thoroughly grounded to an interconnected network of bare cables 
buried in the surfacing of the switchyard. This network in turn is 
connected by underground cables to the two main grounding mats. 

Oil piping consists of one common supply line for transformers 
and breakers and two separate drain lines, one for transformers and 
the^ other for oil circuit breakers, from the oil storage and purifying 
facilities in the powerhouse to the equipment in the switchyard. 

MISCELLANEOUS FEATURES 
Galleries, shaft, and operating chamber. 

A system of galleries formed in the concrete of the dam is provided 
for the purpose of access to the operating equipment, experimental 
equipment, and for maintenance of the drainage system in the dam 
foundation. An elevator connects all the galleries except the lower, 
elevation 811. An adit gallery connects the downstream face of the 
dam with the regulating gate operating gallery, elevation 880. As 
construction progressed it was found that it would be desirable to have 
a gallery near the top of the dam. Such a gallery was added to the 
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design and extends the full length of the dam, exclusive of the spillway 
section. This gallery conveniently serves as the means of entrance to 
the head-gate hoists and the headwater float wells. All the porous- 
tile drains terminate in this gallery, from which they can easily be 
inspected and cleaned if necessary. All the power and lighting con- 
duits for both ends of the dam are also carried in this gallery. With 
the addition of the gallery at elevation 1,051 it was possible to raise 
the entrance adit on the west end of the dam to that elevation. 

The gallery at elevation 811 was originally designed for temporary 
use in drilling and grouting and was to be filled with concrete after 
it had served its purpose. Subsequent to studies by the field office, 
a later design omitted the filling and made the gallery permanently 
serviceable for observation purposes and maintenance work on the 
drain holes. 

The shaft in which the elevator operates is located to the left or 
east of the spillway. The penthouse which houses the top landing 
and the operating equipment extends above the roadway. The top 
landing is at the same elevation as the sidewalks on top of the dam. 
Three other landings are provided : one at elevation 1,051.50, for ac- 
cess to the gallery leading to the penstock gate operating houses; one 
at elevation 996.92, for access to the spillway gate operating chambers 
by way of the gallery at that elevation ; and one at elevation 880.35, 
for access to the adit and to the regulating gate operating chambers. 

The elevator is a single-unit installation of the automatic, electrically 
operated, push-button type. It is designed for alternating-current 
operation, with a live-load capacity of 3,000 pounds exclusive of the 
weight of the car and cables. The hoisting machinery is of the 1-to-l 
roping single worm gear drive traction type, for a car speed of 250 
to 300 feet per minute, with motor, brake, worm gear, and driving 
sheave mounted on a single self-contained base or bedplate. Brakes 
of the electrically released, spring-set type with drums keyed, to the 
worm shaft and with actuating mechanism mounted on the hoist bed- 
plate are provided. 

The driving motor is 25-horsepower, 2-speed, alternating-current, 
induction type, with a high internal-resistance, squirrel-cage rotor. 
Controls are so arranged that the car will start and run on the high- 
speed winding of the motor and retard and level on the low-speed 
winding of the motor. 

Originally a utility tower was included at the head of the west 
training wall. This tower was to house a comfort station for the gen- 
eral public and was to balance architecturally the elevator penthouse. 
It was approximately 24 feet by 15 feet in plan and extended upward 
from its juncture with the downstream face of the dam to its top at 
elevation 1,087.25. Since a general utility building had to be erected 
at the east parking area for the general public, this comfort station was 
not needed and the entire tower was omitted. 

Pumps and sumps. 

Leakage into the dam, below elevation 880 is collected in two sumps 3 
feet in diameter and 5 feet deep located adjacent to and just downstream 
from the 811 gallery. One 800-gallon-per-minute and one 22-gallon- 
per-minute pump fox discharging water collected in these sumps are 
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located in a recess in the downstream wall of the 880 gallery. Water 
discharged from the pumps together with leakage^ water into the 880 
gallery is drained by gravity through a discharge in the left spillway 
guide wall and thence into the spillway jump pool. 

A sump 3 feet 10 inches square formed in the powerhouse substruc- 
ture concrete with the bottom at elevation 812 collects most of the 
powerhouse drainage water. A 300-gallon-per-minute piimp_ and a 
6-inch water- jet eductor are provided for pumping this water into the 
tailrace. A 14-inch eductor is also provided for unwatering the 
penstock. 

Roadway and spillway bridge. 

The freeway, which connects State Route 33 at Halls Crossroads 
with United States Highway 25 W at Coal Creek (Lake City), crosses 
the top of the dam. The top of the abutment section of the dam is 
widened above elevation 1,053 to provide space for a 22-foot roadway, 
to sidewalks, and parapet walls. The spillway section is spanned by 
three concrete-encased through-plate girder bridge spans, supported 
by the abutment sections and the two piers which divide tlie spillway 
into three overflow sections. The parapet walls on the spillway bridge 
are formed by encasing the plate girders in concrete. 

The structural-steel supporting framework for each of the three 
spans is made up of two plate girders, each 106 feet 6 inches long and 
7 feet 6 inches deep at the center of the span, seven 36-inch C. B. 170- 
pound floor beams, and forty -two 18-inch C. B. 47-pound stringers. 
The plate girders are spaced 30 feet center to center and joined together 
by the seven 36-inch floor beams placed 17 feet 6 inches on centers. On 
one end of each girder fixed bearings are provided, and on the other 
end the bearings are of the hinged rocker type. Each bridge span is 
separated from the dam and piers by ample expansion j oints to allow 
movement independent of the dam and piers. 

The roadway and bridge are surfaced with Kentucky rock asphalt. 
The thickness averages about 3 inches at the crown of the road and 
about 2 inches at the curb. The surfacing was done in accordance with 
the Tennessee State Highway Department specifications for asphalt 
paving- Before the asphalt was placed, the low places in the concrete 
surface were filled with bituminous concrete to smooth the subgrade 
and insure uniform thickness of asphalt surface. 

The bridge floor is drained by means of 31 / 2 -inch gutter drains 
spaced at 35-foot intervals in both gutters of the roadway. The drain- 
age in the abutment-section portion of the roadway is handled by 
means of cast-iron drains in the gutters spaced on 100-foot centers and 
draining into 8-inch cast-iron pipes. 

DESIGN CHANGES 

Had the Norris project been let to contract the entire job would 
have been delayed pending the completion of plans. Hence it was 
decided that the best interests of the Authority required that the 
major construction work be done by force account. , This made it 
feasible to complete the plans as expeditiously as possible and to 
release, them to the field somewhat in advance of construction. The 
Authority’s method of handling construction with ’its own forces per- 
mitted taking advantage of studies and developments completed only 
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after construction was well under way. One of the chief advantages 
of the force account method is the flexibility which permits a skilled 
and experienced construction engineering staff to keep abreast of the 
job and initiate new or alternate designs in the interests of over-all 
economy and utility without being obliged to resort to contract revi- 
sions which are nearly always unfavorable to the contracting agency 
in the case of contract work. 

Throughout this chapter and in chapters 5 and 6, several notations 
appear describing various design changes made after construction 
had begun. These revisions resulted in sizable economies in con- 
struction and better selection of equipment or in improvement of the 
structures with respect either to operating characteristics, general 
suitability, or aesthetic considerations. 

ASSISTANCE FROM UNITED STATES BUREAU OF RECLAMATION 

Because Norris was started before an adequate design organization 
could be recruited and begin functioning in a normal and efficient 
manner, it was fortunate that the Authority was able to secure the 
assistance of the United States Bureau of Reclamation in designing 
its first major project. During the past 35 years the Bureau of 
Reclamation has participated in the design and construction of some 
of the largest ana most notable dams in the world. These projects 
have included Boulder, Grand Coulee, Madden, Shoshone, Arrow- 
rock, Elephant Butte, Roosevelt, Cle Elum, and Owyhee, to name 
but a few. By this arrangement, the design work was started imme- 
diately and efficiently without the necessity of delaying several 
months until a new and competent design organization could he 
recruited and added to the then rapidly expanding engineering staff 
of the Authority. 

BIBLIOGRAPHY 


This bibliography includes all known published material concern- 
ing the contents of chapter 3. The fact that a publication is included 
should not be interpreted as giving official endorsement or confirma- 
tion of its contents. 


The Architectural Forum. Tennessee Valley Authority. Proposed for publica- 
tion in August 1939. 

Cadwell. W- S- TVA's Newest Dams Served bv P-A-JFs. Automatic Electric 
Review, 6 : 17-19. September 1937. 

Electric Journal. Boulder and Norris are Nearing Completion. 33:17-18. 
January 1936. 

Engineering News-Record. Norris Dam Design Modified to Meet New Require - 
ments. 113 : 44-45. July 12, 1934. 

Gerdes, H. G. Hydro Power Plant Space and Cost Trends. Civil Engineering, 
9:20—23. January 1939. 

Goodison, A. M. Generators for Norris Dam . Electric Journal, 32:224r-226. 
June 1935. 

* Jones, Barton M. Design of Norris Dam and Power House. Civil Engineer- 
ing, 5 : 208-212. April 1935. 

Norris Dam and Power House . Military Engineer, 27 : 334-340. September- 


October 1935. 

Magazine of Art. Norris Dam, ( Portfolio ). 31:158-161. 


March 1938. 


*TVA staff member. 



160 


THE NORRIS PROJECT 


*McHenry, Douglas. Measured and Computed Temperatures of Concrete at 
Norris Dam . Journal of the American Concrete Institute, 9:117-125. 
NoTember-December 1937. 

*McHenry, Douglas, and Carlson, Hoy W. Measuring Dam Behavior. Engineer- 
ing News-Record, 122 : 440-442. March 80, 1939. 

*Niehoff, R. 0., and Ferris, C. E. Graduate Work in Engineering. Mechanical 
Engineering. Proposed for publication in December 1939. 

Power. Norris Dam Starts Power Generation. 80 : 427-^29. August 1936. 
Power Plant Engineering. Carrier Pilot Installation for TV A. 40 : 481. 

August 1936. 

Tennessee Talley Authority. Plans and Specifications for the Norris Dam. 
Technical Monograph No. 34. 1938. (Appendix K.) 

’“Tomlinson, G. E., TV A Uses Million Feet of Pipe. Pipe. Proposed for publi- 
cation in June 1939. 

*Wanh, Roland A. Norris Dam and Power House. American Architect 
152:29-38. February 1938. 


*TVA staff member. 



Chapter 4 

ACCESS ROADS AND EMPLOYEE HOUSING 

Before the construction of the project could actually be started, it 
was necessary to provide access to the site and to provide housing 
facilities for many of the employees who were to construct the dam. 
On many large projects these facilities are temporary and are con- 
sidered a part of the construction plant, being abandoned or salvaged 
when the work is finished, along with the other temporary plant 
needed for actual construction purposes. At Norris, however, the 
access roads and employee housing facilities for many reasons were 
of permanent construction. 

ACCESS ROADS 

Following the location of the dam, one of the first problems to be 
considered was a suitable means by which equipment, materials, and 
men could be transported to the dam site so that constrnction work 
could be started without delay. The low-type existing roads were nar- 
row, with steep^ grades and poor alignment. In time of high water 
parts of the existing roads were actually flooded out. Most of these 
roads lacked adequate surfacing and could not be used economically 
for the transportation of all the equipment and material needed for 
the construction of the dam. 

PRELIMINARY CONSIDERATIONS 
Type and location. 

Two types of access were considered — by highway and by railroad. 
Access by highway would necessitate the construction of a heavy- 
duty road from Coal Creek , 1 Tenn., the nearest railroad terminal, to 
the dam site ; and access by railroad would require the construction of 
a branch line from the nearest and most accessible point on the South- 
ern Railway to the site. 

The United States Army Engineers, in reporting 2 on the proposed 
development of the Clinch River, included a study of the problem of 
access to the Norris site. Their studies indicated that the construction 
of a highway in preference to a railroad would be not only more eco- 
nomical but more desirable. Mention was also made in these Army 
Engineer reports of possible additional access to Knoxville by way 
of Halls Crossroads. 

Preliminary studies by the Authority also indicated that the most 
economical access would be by highway from Coal Creek, Tenn. 
These indications were based on both a first-cost consideration and 
the future use of the highways in the regional development of trans- 

t On April 1, 1939, the name of the city of Coal Creek was changed to Lake City. 

* H. Doc. No. 328. 71st Cong., 2d sess. 

155813—40 12 161 
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poi tation as compared to the limited useful life of a railroad built 
solely for construction purposes. Also, a highway would not only 
serve as a route over which equipment and materials could be trans- 
ported to the site during construction, but would also serve as a means 
of access for employees and visitors during and after construction. 

In addition to having the site accessible by highway to the railroad 
terminal at Coal Creek, it was found advisable to have a more direct 
route to Knoxville, Tenn., where a large portion of the offices of the 
Authority were located. The necessity for this road was further 



Figure 70 . — A portion of the Coal Creek-Norris Dam access road. Ditches on the exposed 
slope controlled erosion until vegetation was started. 


augmented by the construction of the town of Norris, as the distance 
between Norris and Knoxville was shortened by 6.9 miles when com- 
pared to the shortest existing dustproof highway. The best location 
found for this road started at the site, ran southeast through ridge 
and valley country for a distance of 16 y 2 miles, and connected with 
Tennessee State Highway No. SB at Halls Crossroads, Tenn., about 
9 miles northwest of Knoxville. 

Design. 

After considering a number of highway designs, it was deemed 
advisable to construct these access highways as freeways, or highways 
to which there is no vehicular access from abutting properties. 3 The 
design of a freeway is based on the principle of providing a high- 
type roadway to take care of the high-speed traffic of today with 


* Report of Committee on Street Thoroughfares. Transactions of American Society 
of Civil Engineers, p. 1049. 1935. (In the instance of the Norris freeway it was neces- 
sary to modify the freeway principle to the extent of giving a limited number of access 
permits to landowners whose land had no other highway access.) 
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maximum safety. It incorporates the best highway practices in re- 
spect to easy grades and smooth curves. A freeway-type highway 
permits a reduction in the number of highway crossings, and therefore 
decreases the hazards that an unlimited number of intersections would 
create. It does, however, necessitate the purchase of right-of-way 
with widths varying from 250 to 350 feet, but the purchasing of this 
wide strip permits full jurisdiction over the right-of-way and elimi- 
nates the^ possibility of objectionable structures being located adjacent 
to the highway. Contracts with adjacent property owners protect 
against exploitation by billboards on private property. 



Figure 71 . — Access road location map. 

The general features of the design adopted provided for the loca- 
tion of the road along the natural contour of the ground with a 
curvature as flat as feasible and with cuts and fills having variable 
slopes rounded at the top and bottom. Tangents were few and short 
and none had vertical curves. Adjusted to the topography, this design 
el im inated insofar as practicable the usual scars caused in road con- 
struction. Flat slopes were constructed except in the deep cuts and 
fills where they were constructed with slopes of 1:2. Another reason 
for the adoption of this type of construction was the intention to seed 
and plant shrubbery on the slopes after the road was completed in 
order to minimize erosion and in general to beautify the highway. 

Engineering procedure for final location. 

An engineering procedure somewhat different from ordinary prac- 
tice was used in this work. This method combined the use of stereo- 
scopic studies of aerial photographs and plane table strip topography. 
The possible general locations were determined by stereoscopic 
studies of the aerial photographs and by field reconnaissance. Base 
lines were staked out from these general locations, and plane table 
surveys were made to; secure the topographic features. These maps 
were, made to a scale 1 of 1:600 with 2-foft contour intervals. The 



Table 29,— Direct construction costs of Norris freeway 
COAL CREEK TO NORRIS DAM 


Contract (N. D. T. No. 1) 


TVA Force Account Work 


COAL CREEK TO CONSTRUCTION OFFICE 

Guard rails, etc 

WEST APPROACH AND ACCESS ROAD 


$6,003.12 


1 

2 

3 

4 

5 


Clearing and grading — 

Shoulders 

Fine grading 

Concrete paving 

Concrete structures 

Pipe drains, curbs, and riprap. 
Guard rails . - — 


$20,962.62 
3,096.66 
9,295.84 
33, 188. 11 
17,82174 
4,047.76 
6,901.47 


Total. 


7 

8 


13 

16A 

15B 

17C 

18 

19A 


Quantity- 


Unit 


Unit 

price 


Clearing and grubbing . 

Removal of buildings 

Earth excavation, roadway.. 
Earth excavation, borrow... 
Earth excavation, structures 
Rock excavation, roadway- - 
Rock excavation, structures. 
Overhaul on excavation 


24.68 
Lump sum 
183,233 
4,477 
2,764 


48,794 


Cubic yard 

Cubic yard— . 
Cubic yard.... 
Cubic yard__. 
Cubic yard.. _ 
Cubic yard 
station. 


0.3476 

.3375 

.50 

.7676 

2.60 

.0276 


Crushed stone base. — 

Concrete pavement, first lane. .. 
Concrete pavement, second lane 

Concrete, class C 

Additional Portland cement 

Reinforcing steel bars 

Furnishing R. C. pipe 

Laying R. C. pipe 

Cleaning up 

Extra work 


2,051 
27,818.7 
27,618.6 
400.75 
6.0 
434,423 
363,795 
42,318 
Lump sum 


Square yard — 

Square yard 

Square yard 

Cubic yard 

Barrel 

Pound 

Pound 

Linear feet 


Total. 


NORRIS DAM TO HALLS CROSSROADS 


TVA Force Account Work 


Contract (N. D. T. No. 3, Sec. 1) 


EAST APPROACH ROAD, 400 FEET EAST OF DAM 
TO POWERHOUSE INTERSECTION 

Clearing and grading 11,262 cubic 

yards at $0.62 $7, 036. 19 

Surfacing, 10,595 square yards at 
$1.09 11,597.89 


Total $18,634.08 


2 

3 
3A 

4 

5 

7 

8 


Clearing and grubbing 

Removal of buildings and structures 

Unclassified excavation, roadway 

Unclassified excavation, channel change. 

Excavation, borrow 

Earth excavation, structures 

Rock excavation, structures 

Overhaul excavation 
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Class C concrete. 


9.6 

Lump sum 

Acre 

$100.00 

204,891 

Cubic yard — 

0.425 

6,445 

Cubic yard. — 

1.00 

10,994 

Cubic yard 

.40 

2,000.6 

Cubic yard 

1.00 

219.1 

Cubic yard— 

7.50 

266,626 

Cubic yard 
station. 

.02 

750,46 

Cubic yard.... 

19.00 


EAST DAM APPROACH, 400 FEET EAST OS' DAM, 
TRAFFIC CIRCLE, AND POWERHOUSE ROAD 

Grading, 25,360 cubic yards at $0.62, $16, 844. 22 

Surfacing, 14,159 square yards at 
$1.09 15,499.24 

Total 31,343.40 

HALLS CROSSROADS TO INTERSECTION OF 
POWERHOUSE ROAD 

Clearing, grading, and drainage $174, 073 . 41 

19 

20A 

20B 

200 

20D 

20E 

20F 

24 

28 

Reinforcing steel 

12-inch reinforced concrete pipe 1 

16-incb reinforced concrete pipe > 

18-inch reinforced concrete pipe t 

24-incb reinforced concrete pipe ' 

30-inch reinforced concrete pipe 1 

36-inch reinforced concrete pipe i 

8-inch vitrified clay pipe underdrain 

Cleaning up.. 

43, 176 
435 

1, 596 
297 
378 
174 
99 
117 

Lump sum 

Found 

Linear feet 

Linear feet 

Linear feet 

Linear feet 

Linear feet 

Linear feet 

Linear feet 

.04 

1.00 

1.35 

2.00 

2.50 

4.20 

6.00 

.50 

Extra work.. 



Total.. 








Structures 80, 432. 86 

Guard rails. 5, 796. 43 

Contract (N. D. T. No. 3, Sec. 2) 

Total 648,352.83 

i 

3 
3A 

4 

6 

7 

8 

17C 

10 

20A 

20B 

20C 

23F 

23G 

23H 

24 

28 


10.44 
Lump sum 
146,687 
2,754.4 
4,073 
1,828.6 
410.9 
89,248 

563.0 

33,810.3 

231 

1,299 

132 

94 

802 

130 

258 

An,- 

$150.00 

.44 

.50 

.44 

1.00 

3.00 
.02 

20.00 

.04 

1.00 
1.25 
1.50 
5.45 
6.35 
8.20 

.60 

Total direct construction cost of TVA 
work 699,549.57 

Removal of buildings and structures 

Unclassified excavation, roadway 

Unclassified excavation, channel change 

Excavation, borrow... 

Earth excavation, structures 

Rock excavation, structures 

Overhaul on excavation 

Class 0 concrete 

Reinforcing steel 

12-inch reinforced concrete pipe 

16-inch reinforced concrete pipe 

18-inch reinforced concrete pipe 

36-inch corrugated galvanized metal pipe. 
42-inch corrugated galvanized metal pipe 
54-inch corrugated galvanized metal pipe. 
8-inch vitrified clay pipe underdrain 
Cleaning up 

Cubic yard— 
Cubic yard— 
Cubic yard.... 
Cubic yard— 

Cubic yard 

Cubic yard 
station. 

Cubic yard 

Pound 

Linear feet 

Linear feet 

Linear feet 

Linear feet 

Linear feet 

Linear feet 

Linear feet 

Total 




Total cost of contract work 








Total oost ot project. 













* Furnished and in place. 

1 This figure agrees with total of contract and force account construction as shown on page 172 (see note 1). 
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completed plane table sheets were used to prepare the location on 
paper in the office. The paper location was then staked out and 
reviewed in the field and, after minor adjustments, was computed and 
restaked. 

CONSTRUCTION 

Tor purposes of construction the entire freeway from Coal Creek 
to the dam site and from the dam site to Tennessee State Highway 
No. 33 at Halls Crossroads was divided into four parts (see fig. 71). 

The portion of the access road most urgently needed for the trans- 
portation of equipment and materials to the dam site was that section 
from the railhead at Coal Creek to the dam site. In order to speed 
construction of this section, fills were compacted in 6-inch layers, 
allowing paving immediately to follow the grading, and one com- 
plete lane was paved first so that hauling could begin while the 
second lane was being completed. 

When construction plans for the section from Coal Creek to the 
site (N. I). T. No. 1) were completed, studies were begun for the re- 
maining freeway sections (N. I). T. No. 2 and N. D. T. No. 3, secs. 
1 and 2). As soon as the location was definitely established and 
enough plans completed to start construction, work was begun. To 
expedite the construction and make the whole project available for 
use as soon as possible, the grading and drainage of sections 1 and 2 
of N. I>. T. No. 3 were contracted as individual projects. The 
Authority’s forces did the drainage and grading work for N. D. T. 
No. 2 ana the bridge construction and paving for all sections except- 
ing N. D. T. No. 1. This assignment of work allowed construction to 
proceed on several sections simultaneously. One reason for per- 
forming portions of the work hy the Authority’s forces was that 
certain portions of the plans could be released in advance, thus allow- 
ing the purchase of materials while the remainder of the plans were 
being completed. It was found also that the plans for grading and 
drainage for N. D. T. No. 2 could be prepared from the topographic 
sheets without additional cross sections. This permitted work to 
begin at once on that section. By the time the Authority’s forces had 
completed the grading and drainage work for N. D. T. No. 2, the 
contractors had completed the grading and drainage for N. D. T. 
No. 3, sections 1 and 2. With this work completed, a crushed-stone 
base and a mixed-in-place bituminous surface were laid for the length 
of road from the east abutment of the dam to Halls Crossroads by 
the Authority’s forces; that portion of the freeway from the west 
abutment to Coal Creek had previously been concreted by contract. 

Miscellaneous temporary construction plant roads were built by the 
dam construction forces to connect the access roads to the various 
parts of the construction plant and dam as needed. 

When the dam was completed, a west approach road 1.15 miles in 
length and an east approach road 0.2 mile in length were built and 
connected hy a roadway constructed on top of the dam. 

Coal Creek to dam site section. 

Construction of the section of the access highway from Coal Creek 
to the dam site, with the exception of a small amount of miscellaneous 
work done by the Authority, was done under contract by W. W. Boxley 
& Co. of Boanoke, Va. Bids were opened on October 27, 1933, notice 
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of award of contract was given on November 1, 19SB, and work was 
begun on November 2, 1933. The first lane was completed and 
opened to traffic on January 23, 1934. All paving under this con- 
tract was completed on February 15, 1934, after only €9 working 
days. The work was accented on March 26, 1934. A tabulation of 
bids received for this work is shown in table 30. 


Table 30. — Tabulation of bids for construction of access road between Coal Creek and the 

dam 


Bids 

Bids as 
submitted 

Bids adjusted i 
for comparison 

Bids 

Bids as 
submitted 

Bids adjusted 1 
for comparison 

1 

$256, 223. 50 ' 
276, 955. 00 
282, 500. 00 
295, 640. 00 
301. 550. 00 

! 

$256, 223. 50 
279, 155. 00 
284, 700 . 00 
295, 640.00 
302, 750. 00 

6 

$303, 125. 00 
305, 070. 00 
310, 020. 00 
333, 860. 00 
3.53, 890. 00 

$309, 125.00 

311.070.00 

316.020.00 
401, 060. OO 

1 406, 090. OO 

2_._ 


3 — 



7 

4 

9 

5 

10 




i Bids adjusted to include payment of penalty provided in specifications for additional time to complete 
work. 


The wearing surface is a heavily -reinforced concrete pavement 22 
feet wide. Large pieces of transportation equipment which, were to 
use the road during the dam construction period made this width 



necessary. Expansion and contraction joints were provided every 
60 feet in addition to a longitudinal center j oint. All drainage struc- 
tures were built either of reinforced concrete pipe culverts with con- 
crete headwalls or reinforced concrete box culverts. Guard rail of the 
metal-plate type was provided on all high fills and on sharp curves. 

The principal quantities involved in the construction of this road 
were : 


Length 

Maximum gradient 

Maximum curve — radius. 

Earth excavation 

Rock excavation 

Concrete paving 

Concrete, class C 

Steel reinforcing bars — 


miles 4. SI 

percent 7- 8- 

feet — 298 

cubic yards — 190, 474 

do 20, 754 

square yards 55, 437 

cubic yards 401 

pounds 434, 42S 


The total contract amounted to $254,301.66. Table 29 shows the 
final estimate quantities and unit costs for this contract. 
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Dam site to Halls Crossroads section. 

The construction of this section of roadway was done in three 
separate parts, that portion between Norris Dam and Tennessee State 
Highway No. 61 being built entirely by the Authority’s forces. The 
drainage and grading work for the portion from Boute 61 to Halls 
Crossroads was contracted in two sections. Paving and bridge build- 
ing for these two sections were done by the Authority. Bight-of -way 
for this highway in Knox County was furnished by the county ; the 
remainder was purchased by the Authority. 

The pavement for this section is 20 feet wide, consisting of a 6-inch 
compacted, water bound, crushed stone base and a mixed-in-place 
bituminous surface. Grades and curves were so located that the road 
could in the future be given a higher-type pavement should it become 
part of the State or Federal highway system and the traffic become 
heavy enough to justify this betterment. 


Approximate 1.6 I 
slope or as directe 
by engineer- 


^Approximate l 2 slope 
in rock cuts 



Slope of fill made as 
directed by engineer 


Steep slopes stepped 
as directed by engineer-^ 


FILL 


Figure 73. — Typical cross section of access road , Norris Dam-Halls Crossroads. 


Table 31. — Principal features of N. D . T. Nos. I, 2 , and 3 


N. D. T. N. D. T. 
No. 1 No. 2 


N. D. T. No. 3 
Sec. 1 Sec. 2 


Length — miles.. 4.31 4.86 4-92 

Maximum grade percent.. 7.80 7.40 9.879 7.611 

Maximum cxirve. ..radius— feet.. 298.00 317.18 500.00 576.22 


Several drainage structures were necessary on this section of road. 
For the smaller streams reinforced-concrete pipe culverts, reinforced- 
concrete box culverts, and pipe culverts of the paved invert corru- 
gated metal type were used. Over Clear Creek a reinforced-con- 
crete rigid frame structure with a 25-foot span capable of supporting 
an earth fill was used. To cross Bull Bun Creek a 130-foot, 3-span, 
continuous reinforced-concrete T-beam girder-type bridge was con- 
structed. A 61-foot 8-inch reinforced-concrete rigid frame of the 
through-girder type was used to span Hinds Creek, and a 25-foot 
reinforced concrete barrel arch with earth fill spandrels was used to 
span Buffalo Creek. 
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The contract for grading and drainage structures of the Halls 
Crossroads-Knox County line portion (N. D. T. No. 3, sec. 1) was 
awarded February 27, 1'934, to Chandler Bros., Ine., of Virgilina, Va. 
A tabulation of bids received for this work is shown in table 32. 


Table 32. Tabulation of bids for construction of access road between Halls Crossroads 

and the Knox County line 


Bids 

Total of bids 
including 
paving 

Total of bids 
’without paving 

Bids 

Total of bids 
including 
paving 

Total of bids 
without paving 

1 

$193, 994. 10 
195, 205. 75 
216, 890. 77 
225, 830. 40 

$132, 394. 10 
141,305.75 
149, 130. 77 
156, 530.40 

5 

$224, 138. 60 
232, 178. 65 
278,634.50 

$158, 688.60 
166, 728. 65 
209,334. 50 

2 

6 _ 

3 

7 

4 




Work was started immediately after the award was made and com- 
pleted on June 30, 1934. The principal quantities of construction 
were : 

Excavation, unclassified 211,336 cubic yards. 

Concrete 750 cubic yards. 

Reinforcing steel 48,176 pounds. 

The total contract amounted to $132,319.86. The final estimate 
quantities and unit costs for this contract are shown in table 29. 

The contract for the drainage structures and grading for the por- 
tion of roadway between the Knox County line and Route 61 
(hr. D. T. No. 3, sec. 2) was awarded to Young and Lyons, Rogers- 
ville, Tenn., on February 26, 1934. The bids received for this work 
are tabulated in table 33. 


Table 33. — Tabulation of bids for construction of access road between the Knox County 

line and Route 61 


Bids 

Bids as 
submitted 

Bids adjusted 
for 

comparison 

Bids 

Bids as 
submitted 

Bids adjusted 
for 

comparison 

l 

$96,352. 15 
103,345.75 
107, 055. 25 

$97, 652. 15 
103, 345. 75 
107, 055. 25 

4 

$110, 281. 25 
120, 327, 00 
124, 538. 00 

$110, 281. 25 
120,327.00 
124, 538. 00 

2 

5 

3 

6 




Work was begun on March T, 1934, and completed on J une 15, 1934. 
The principal quantities of construction were : 

Excavation, unclassified 148,441 cubic yards. 

Concrete 563 cubic yards. 

Reinforcing steel 33,810 pounds. 

The cost of this contract was $99,974.84 which includes $1,300.00 
paid to the contractor as a bonus for completing the work 13 days 
prior to the contracted date of completion. Final estimate quantities 
and unit costs are shown in table 29. 

Grading on the portion of freeway from Route 61 to the dam site 
was started by the Authority on February 15, 1934. The length of 
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this portion is 1.86 miles. The principal quantities in construction 
were approximately : 

Excavation, unclassified 151,000 cubic yards. 

Concrete 140 cubic yards. 

Surfacing of the entire length of 16.24 miles from Halls Cross- 
roads to the intersection with the powerhouse road, the construction 
of all bridges for this section, the erection of the guard rails, and a 
small amount of miscellaneous grading and clean-up -were done by the 
Authority. Surfacing was started as soon as possible after the 
grading work was completed and was finished before July 15, 1934. 

The quantities involved in the construction of the bridges and the 
placing of the surfacing are shown in table 34. 

Table 34. — Construction quantities 


Structures 

Excavation 

Concrete 

Reinforcing 

steel 

Bull Bun Bridge 

Hinds Creek Bridge 

Buffalo Creek culvert... 

Clear Creek culvert 

Cubic yards 
855 
287 
299 
305 

Cubic yards 
672 
326 
238 
428 

Pounds 

97,126.5 

67. 832. 0 

25.832.0 

55. 812.0 

Total quantities. 

1,746 

1,664 

246, 602. 5 

Macadam surfacing (approximate) : 



Cu. yd. 

6-iricb macadam surface _ _ 

Mixed-in-place bituminous surface^ _ 


— 

— 134,200 

— 7,365 


The total direct construction cost of all the work done by the 
Authority for this section of road was $548,352.83. 


Approach roads. 

When the construction of the dam was completed, east and west 
approach roads were required to connect the two access highways in 
order to complete the freeway from Halls Crossroads to Coal Creek. 
On the east abutment a road 0.2 mile in length of the same type as 
the highway from Halls Crossroads to the site was constructed to 
form the approach on that side. Similarly, on the west abutment a 
road 1.15 miles in length of the same type as the road from Coal 
Creek to the site was constructed to form the approach on the west 
side. These approach roads were connected by the roadway over 
the dam. 


Costs. 

Norris freeway provided access to both the dam and camp sites 
throughout the construction period. By agreement between the Au- 
thority and the State of Tennessee, title to the freeway land outside 
the reservation limits was deeded in fee, and within the reservation 
easements were granted over the right-of-way for the purposes of 
roadway maintenance. The roadway from Tennessee Highway 33 to 
United States Highway 25W, with certain exceptions, was also trans- 
ferred to the State of Tennessee. 
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Th« allocation of Norris freeway costs has been made as shown in 
table 35. The total cost of the freeway, $1,454,465.17, includes in 
addition to the direct construction cost (table 29) the expense in- 
volved in land acquisition, indirect construction cost, and distributive 
general expense. The allocation of the freeway cost to general plant, 
indirect construction cost, and hydraulic multiple purpose plant, is 
shown in more detail in tables 100-B, 100-C, and 101. 


Table 35 . — Allocation of freeway costs 



Total cost of 
freeway 

Allocated to— 

General 

plant 

Indirect 
construc- 
tion costs 

Hydraulic 

multiple 

purpose 

plant 

Land and acquisition expense.— — 

Direct construction costs; 

Contract work 1 - 

$22,946.83 

485,326. 34 
699,549.57 

2 76,315.24 

127,679.50 
31,592. 86 
11,054.83 

$14,328.24 

243,488.25 

379,617.64 

35,497.07 

69,504.62 

15,973.53 

10,175.43 

$8,618.59 

241,838.09 

270,763.73 

32,807.19 

53,847.24 

12,819.90 



TVA force account 1 

Indirect construction costs 

Distributive general expense: 

Design and construction engineering costs 

Executive and administrative costs 

Other general costs 

$49,168.20 
2 8,010.98 

4,327.64 

2,799.43 

879.40 



» 1,454, 465. 17 

768,584.78 

620,694.74 

3 65,185.65 


The costs allocated above cover the following sections of the Norris 
freeway: 



Title rests in— 

General plant: 

United States Highway 25W to Coal Creek yard 

XT. S. Government. 

State of Tennessee. 8 

Do. 8 

Do.* 

U. S. Government. 

Do. 

Tennessee Highway 33 to West Norris Road’ 

Dam indirect construction costs: 

United States Highway 25W to 126 feet west of dam. 

400 feet east of dam to West Norris Road 

^ 126 feet west of damto end of dam _• 

East end of dam to a point 400 feet east of dam including traffic circle and 
powerhouse road 



i A detailed analysis of these 2 items appears in table 29. 

* Includes $2,381. 39 distributed from indirect construction costs, 

* Excludes land within reservation limits. 






EMPLOYEE HOUSING 

Contrary to standard practice for building construction camps to 
house workmen, it was decided to construct for this project a per- 
manent town instead of a temporary camp. Under typical construc- 
tion practice., a dozen or more houses of excellent quality would 
have been built for construction executives, a compact group of bunk 
houses, of temporary construction would have been located near the 
dam site for unmarried workmen, and space would have been al- 
lotted for the construction of huts by workmen who desired to bring 
their families to the site. Instead of a temporary camp, the estab- 
lishment of a new town was deemed feasible because of the permanent- 
character of tlm Authority’s operations in the headwater region of 
the Tennessee Eiver, the need for a secondary administrative center 
in these regions, and because of the housing requirements for the 
permanent operating force of the dam. 

GENERAL 

The United States Army Engineers’ plan 4 for this project in- 
cluded a layout for a construction camp to house 2,500 employees at 
an estimated cost of $1,434,300. Such a camp involved the construc- 
tion of roads and sewerage and water-supply systems which would 
have been of approximately the same value as those that would be 
necessary for a permanent community. In view of the investment 
that -would be necessary in utilities and buildings, it was thought 
that it would be worth while to go a step further and make the hous- 
ing of good enough quality to have a normal, useful life instead of 
building temporary structures. In view of these considerations, a 
decision was reached to expend more for the town than was con- 
templated in the Army estimate and to aim at an important residual 
value after the community’s term of service as a construction camp 
was ended. 

The original plan for the village coincided with a desire on the 
part of the Authority to encourage by means of demonstration, a 
combination of industry and agriculture. It was thought that in 
spite of the lack of rail facilities the abundant supply of electric 
power at Norris would facilitate the establishment of several indus- 
tries whose employees could supplement their earnings by subsistence 
farming. In addition to the proposed combination of industry and 
agriculture, the trend of thought in the Authority favored extensive 
employee-training activities. 5 

Early studies* 

A small village is not a good economic unit, and for this reason 
it was decided to provide for a possible ultimate capacity of about 

4 H. Doc. No. 328, Tlst Cong., 2d sess. ^ _ , 

s Dawson, J. Dudley, Progress in the Tennessee Valley. The Federal Employee, 
November 1934, p. 7. 
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5,000 persons. Discussions began with a program of about 1,000 
houses in mind. This figure in October 1933 was reduced to about 
500, and soon afterwards the initial development was cut to about 
250 houses, exclusive of the dormitories. This was subjected to 
further modification and the living facilities of the village as it now 
stands consist of 294 single houses, 10 duplex houses (20 families), 
and 5 apartment buildings (30 units). 

While the project had been contemplated by the United States 
Army Engineers for a long time, and while the dam was being de- 
signed largely by the Bureau of Reclamation, the design of a per- 
manent community such as the one built was unprecedented and was 
the first TVA planning for actual construction. The construction 
schedule for the town was of necessity linked very closely with that 
of the dam, since it was to house employees engaged in dam construc- 
tion. During the preliminary studies the entire basis for estimating 
labor was shifted from the low-wage scale then prevailing in the 
neighborhood to a relatively high-wage scale comparable to that 
normally paid in Government construction work. During the period 
of rapidly changing conditions in the fall of 1933 and winter of 
1933-34, a further complication arose from the establishment of the 
N. R. A. which, while protecting basic industries, precluded the buy- 
ing of material at bargain prices. 

The Authority’s town planning staff was encouraged to approach 
the design problem from a fresh point of view and to make a com- 
plete reappraisal of essential and nonessential points in housing and 
town planning. Such an undertaking in a limited time presented 
many difficulties but nevertheless presented the rare advantage of 
conceiving a complete development of the camp and town as a 
creative problem. 

The two precedents that were most in the minds of the designers 
at this time were Kingsport, Tenn., and Radburn, IN'. J., both of 
which were designed as model communities, but under different cir- 
cumstances. In reviewing Kingsport, the need was felt for protect- 
ing the new community by a belt of publicly owned land to prevent 
undesirable encroachment. Therefore, to insure for the community 
the maximum residual value after its temporary use as a construction 
camp was over, a protective belt of Government-owned land was 
designed, both to preserve the favorable sociological conditions that 
were created in the construction camp, and to protect property 
values in the permanent town. At construction camps where no pre- 
cautions are taken, injurious developments generally take place 
nearby, and the same thing will happen in towns which are carefully 
planned in themselves but which have no precaution against en- 
croachment on the outskirts. 

In reviewing the plan of Radburn, which represented the latest de- 
velopment of its kind in the United States, it became apparent that the 
type of street layout which had gained favorable attention could not be 
applied in the case of Norris on account of topographic conditions; 
and the town plan had to be strictly related to the peculiarities of the 
ground. 

In approaching the question of architecture, the planners aimed at 
rationalized designing, tempered, however, by sympathetic treatment 
in basic harmony with the architecture of the region. Throughout the 
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design activities there was an earnest endeavor to preserve the natural 
advantages of the surroundings. 

The design of the camp buildings was begun slightly later than the 
study of housing and had to mature rapidly since the camp was to be 
built first. The roads, sewerage, and water supply systems had to be 
laid out to serve both the village and the camp* and to conform to 
topographic limitations of the site. 

In approaching the design problem, the Authority sought and ob- 
tained advice from the United States Department of Agriculture, the 
University of Tennessee, Anderson County, and other Governmental 
agencies. To assist in the design of the construction camp and village, 
four consultants of national reputation, including an outstanding local 
architect familiar with .architectural requirements of the region, were 
retained. ^ The work also involved close cooperation with the Civilian 
Conservation Corps and with the National Park Service. The task of 
coordinating all the lines of thought and action was a difficult one to 
carry on in conjunction with the rush requirements in the design of the 
new community. During the progress of design, the construction 
schedule that had been contemplated for the dam was speeded up so 
that the construction of the town became even more urgent than was 
at first expected. 

It was obvious that the camp and village were to combine the pur- 
poses of employee housing and training activities along with experi- 
mental development and demonstration of improved techniques in 
several fields. It was not clear what relative weight should be attached 
to each of these objectives, and as the program went on there were 
radical changes of objectives because more complete information was 
secured and new ideas were contributed. The broad purposes of 
the Authority were to establish a wholesome environment through 
plain, direct means, eliminating all that was superfluous and letting the 
natural environment count at its maximum value. 

One of the major changes that took place during the course of design 
in relation to housing occurred when it was decided to make the first 
group of 150 houses serve as a demonstration of electric heating and 
electrical equipment. The opportunity to test and demonstrate the 
possibilities of electric heating was considered to have a substantial 
cash value by the Authority. In computing to what extent this im- 
provement was worth while, the extra cost of the installation was taken 
into account; but possibly it was not recognized immediately that the 
improvement carried other implications ; namely, the families who were 
to use electric heating and electric kitchen equipment would necessarily 
have to be people who could pay a substantial rent. It became apparent 
that a different kind of occupancy must be anticipated than the mini- 
mum income, rural type of occupancy that was originally contemplated. 
This in turn meant a moderate upward revision of’ the quality of 
interior finish and appointments in the house to a standard which, while 
remaining plain, would be acceptable to families of medium income. 

Various other important changes were introduced in April 1934 in 
connection with the types of houses, development of added space, and 
other details. As it became apparent that both the quality and the 
unit costs of construction (wages and materials) were shifting, the 
number of houses was reduced. The second group of houses was de- 
signed on an entirely different basis, reverting to the purpose of con- 
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structing houses at the least cost consistent with a reasonable degree 
of permanence and homelike conditions. As the construction camp 
proper was designed and built rapidly, and as fewer problematic fac- 
tors were involved, there were fewer changes of objective. 

Preliminary surveys for the town planning and architecture were 
started in August 1933, working drawings for houses were started in 
November 1933, and regular construction of houses was begun in Jan- 
uary 1934. Many building sites at that time were inaccessible by road, 
and planning work was only partly completed. However, most of the 
first 150 houses were in full use by September 1934, although final 
details of electrical equipment on these houses were delayed until some 
weeks later. The designing and building of the construction camp 
preceded the houses, and the camp was in use by J anuary 1, 1934. The 
second group of 80 houses was designed in the spring of' 1934 and com- 
pleted by the fall of 1934. The five apartment-house buildings were 
built about the same time. In the summer of 1934, 49 additional single 
houses and 10 duplex houses were designed. These were built during 
the following winter. The town was essentially complete in its present 
form, including utilities, roads, and civic buildings, in the spring of 
1935. 

Relation of Norris to development of national housing policy. 

During the design of Norris, the question of a national policy toward 
housing was beginning to come to the foreground; hut the problem 
had not been explored by actual trial in the united States except under 
emergency of the World War. It had long been a subject of active 
study and experimentation in other countries, various developments in 
England being considered the most applicable in this case. 

The work as carried on in the building of Norris was an example of 
public procedure in planning in the sense that it was not a personal 
expression of one or more individuals, but was a composite of the 
thought of many persons. It was subjected to many checks and bal- 
ances which were characteristic of public opinion. 

Since it preceded other efforts (P. W. A., F. H. A., Resettlement 
Administration) of a similar nature in the United States, it was ex- 
ploratory in many respects. 

Significance of Norris in town planning. 

If for no reason other than the rarity of planned communities in 
the United States, Norris is significant. Every large city has its 
fine residential snburbs in which homes compete with each other on 
a very substantial basis of expenditure. Such developments are so 
frequent and so far removed from the major problem of housing in 
America that they attract little interest, no matter how high their 
quality. The peculiarity of public planning as undertaken at Norris 
is that it aims at achieving an essentially fine environment through 
plain means and minimum expenditures. Any effort in this direc- 
tion is eagerly scrutinized to see what steps forward have been taken 
in a task many publicists consider a major social and economic 
problem of the Nation at this time. 

Most public housing enterprises are slum clearance projects or 
other urban developments. Norris contributes a rather unique aspect 
of public housing in that it contemplates living facilities situated well 



EMPLOYEE HOUSING 


177 


outside a city, a conception which is beginning to rival slum clear- 
ance in the inincls of housing authorities as a correct solution of social 
and economic problems. The design of Norris is a sober attempt to 
visualize the kind of living conditions that the American people as 
a whole may legitimately aspire to have if productive energies are 
utilized to the best advantage. 

The design of Norris provided for preservation of a natural and 
interesting environment which was acquired, and of a kind that can 
generally be acquired, in its unimproved state at very moderate cost. 
In this environment nothing pretentious was erected" but everything 
ugly and superfluous was excluded. There is an expression of unified 
development without monotony, and there is an intimate relation of 
each home to rural surroundings. At the same time, nothing is lack- 
ing in the matter of streets and utilities to give the advantages of 
living in a larger town, for all the public services are fully developed. 
An atmosphere of simple, wholesome, and very convenient living is 
established which has a potent effect on the general spirit of the town. 

A major contribution to health and cleanliness is demonstrated in 
electric heating. The advantages of this controlled environment are 
adequately preserved by the protective belt which guards against 
undesirable developments around the town. In the average com- 
munity the pride that is felt in the best quarters of the town is offset 
by the sordid conditions in other parts. While no part of Norris 
is extravagantly fine, the net result of a community which is clean 
and well considered in all its parts is sufficiently striking to commend 
it as a demonstration. 

This significance has not been overlooked by other private and 
public agencies. Representatives of subsistence homesteads, F. H. A., 
P. W. A., the Resettlement Administration, 'and many others, includ- 
ing representatives of foreign governments have made official inspec- 
tions. Principles used in the design of Norris have since been applied 
elsewhere. One magazine 6 has stated that “Of the several Govern- 
ment housing developments, the TYA project at Norris, Tenn., has 
probably contributed more than any other to the basic study of the 
technique of small house design.” 

Permanent value of Norris. 

The character of construction at Norris is reasonably permanent. 
W r hile the work is not highly finished, it is sound and thorough, 
designed for low maintenance cost. For example, front entrance 
stoops of most of the houses are built of brick, stone, or concrete. 

Minor changes in assumptions on which the design work was based 
caused some inconsistencies in both architecture and town planning. 
However, in the main, the principles and ideas first evolved were 
put into effect ; and Norris provides a good example of numerous 
advantages gained by unified handling of a housing project. 

Not the least advantage is the principle of protecting property 
values against excessive depreciation and obsolescence by controlled 
development under one management. ^ This principle is now being- 
recognized as a very significant factor in relation to both private and 
public property. 

6 Federal Home Owners Loan Review, pp. 408, 409, September 1937. 

. 155813—40 13 
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Tlie present developed portion of the town is mostly on one side of 
the community center, hut provision has been made for future expan- 
sion on the opposite side, and some of the most desirable building 
sites are in that area. Partial provision has been made in the sewer 
and water system to take care of such a future expansion, which 
would bring the town more nearly to what is generally considered 
an effective size as an economic unit. The probability of industries 
being established at Norris cannot be estimated at the present time. 
It is certain that recreational developments and tourists’ interest in 
Norris Dam and Lake will affect advantageously the economy and 
development of the community. The demand for living facilities at 
Norris is somewhat greater than was anticipated, and as long as some 
of the TVA activities are more or less centered in the Norris area, 
a combination of employee housing service activity, and satellite 
community residential factors will insure usefulness of the town. 

Proposed and actual value of Norris. 

A successful unity of construction camp and village was achieved. 
The occupancy of both the dormitories and the houses was by higher 
classifications of employees than originally contemplated. The shift 
of emphasis was due partly to the shift toward a permanent type of 
housing, but the difficulty of housing low-income employees on an 
economic basis was inherent and had to be deliberately recognized 
if the lower classifications were to be housed. 

Besides establishing a unified community spirit by combining the 
camp and village, there was a successful effort to serve both the rural 
people who came in from surrounding regions to work on the dam 
and the employees of far different origin and habits who came from 
all parts of the United States. 

With the conclusion of the construction of the dam, a transition 
took place to a more permanent type of occupancy. In this phase, 
Norris functions mainly as a satellite community to Knoxville. 
Rental values have gradually increased for most of the types of 
permanent houses, and the school and other municipal facilities are 
recognized as being of high quality. 

DEVELOPMENT OF SITE 

Site requirements. 

It was determined by the board of directors that the facilities 
provided shotild consist of a construction camp housing about 1,000 
men and a village large enough to accommodate 250 families, but 
on a site suitable for a community of 1,0Q0 families. Included in the 
basic assumption made in connection with this housing program were 
the following : 

1. The site must be not more than 3 miles from the dam site. 

2. It must be scenically attractive. 

3. It must lend itself to reasonably economical development. 

4. It should be on land as good for farming and gardening as the 
other limitations would permit. 

5. It should include enough area so that an adequate “protective 
belt” would guarantee the new community freedom from encroach- 
ment by shack development and nuisance areas. 
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Specifically this meant that about 2,000 acres must be found within 
3 miles of the dam site which, would include a 300-acre tract suitable 
for a village, and approximately 1,000 acres of reasonably good farm 
land. 

Table 36 gives the amount of land actually used for residential 
and other areas in the present development and estimates for possible 
future developments. 


Table 36. — Amount of land used and amount available 



Residence 

Other 

Total 

Present development 

Future extensions 

Protective belt 

Acres 

129.3 

234.0 

Percent 

6.6 

11.9 

Acres 
i 110. 7 
* 151. 0 
1,333.0 

Percent 

5.6 

7.7 

68.2 i 

m Ik 

w£n©& 

boo 

| Percent 
\ 12.2 

19.6 

| 68.2 

Total 



363.3 

18.5 

1, 594. 7 

SI. 5 

1, 958. 0 

i 100.0 


i Commercial area occupies 1.5 acres, the remainder is developed park area. 


1. Families per acre of residence area : 

Present development 2.7 

Total development 3.2 

Acres 

2. Total area in town proper 1, 958 

Total area in Norris Park 3, 887 


Total 5,845 


Location procedure. 

Aerial photographs taken in 1929 covering part of the area in 
question were available, and from these a base map showing existing 
culture to a scale of 1 : 7,200 and contours at 50-foot intervals was 
prepared. The topographic information was useful in giving a gen- 
eral picture of the region, but it was not accurate enough for more 
specific use. A property map to a scale of 1 : 15,000 compiled from 
aerial photographs and other sources, the United States Geological 
Survey sheets, Geological Survey maps, and county highway maps, 
were also available. 

Preliminary office study narrowed the feasible area down to a 
strip of land 2 miles wide and 3 miles long. It then became necessary 
to make a rapid but intensive study of this property in order to 
determine which portion of it was best suited to the contemplated 
project. Almost at once it became obvious that the problem was too 
complex to solve by field inspection or by studying the available maps. 
More detailed information was needed, especially with respect to 
topography, rock outcrop, and quality of soil. 

It was essential that the village and camp site be selected as soon 
as possible because existing housing accommodations in the area 
were scarce. As additional information was urgently needed, it 
was assembled as rapidly as possible. 

A survey to a scale of 1 : 2,400 was made showing the location of 
rock outcrop, buildings, fences, roads, and other observable fea- 
tures, and indicated topography with 5-foot contour intervals. The 
survey parties also made notes on the quality of the soil. This 
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survey -was instrumental in determining the 300-acre tract most 
suitable for town-site development. It did not, however, serve as 
a basis for detailed site studies as the topography was not of sufficient 
accuracy. It was necessary to resurvey to a scale of 1 : 600, showing- 
topography in 1-foot contour intervals, the 300 acres chosen as the 
town site. With the detailed topography available, site planning 
proceeded rapidly. 

The first preliminary study for the lay-out of Norris which was 
concrete enough to be acceptable covered very closely the area now 
occupied by the town. It indicated a freeway bypassing the town 



and a protective belt surrounding the developed community. The 
locations for the construction camp in the western part of the village 
and the village center were established by this study and were 
changed hut little later on. The village lay-out featured cul-de- 
sacs, or small isolated house groups, and scattered apartment groups, 
both of which were modified as plans were developed. Figure 75 
shows the village as it was finally laid out and built. 

The study based on the 1 : 2,400 scale topography proved to he im- 
practical in detail. A lay-out on the larger scale topography (1: 600) 
resulted in placing most of the streets in the valleys in order to 
avoid grades steeper than 8 or 10 percent and in order to leave 
desirable house sites free for development. House sites on hillsides 
and on ridges were selected, and a great deal of attention was given 
to avoiding slopes greater than 20 percent in order to avoid high 
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construction costs. An open, rambling, informal sort of lay-out re- 
sulted because of the rough topography, which had little in ''common 
with the highly organized schemes developed for similar projects 
in England and at Radburn in this country. 

The utility systems were less than normally related to the street 
lay-out because of the rough topography. The final development 
of the plan produced an informal rural village, somewhat incon- 
venient as to access from some dwellings to the street system, and, 
because of unavoidable topographic limitation, somewhat high in 
site-development cost. The general lay-out together with the utili- 
ties serving it, was designed with a thought of possible future ex- 
pansion. As a consequence, a community of 1,000 families can be 
accommodated at the site with comparatively few adjustments in 
the present plant. New streets and extensions of utilities will be re- 
quired, hut plant capacity can be increased at little cost. About 82 
house sites remain unoccupied in the present developed area, which 
now accommodates 344 families. Table 3T gives the housing statis- 
tics for present and possible future developments. 


Table 37 . — Housing statistics for present and possible future developments 


Type of dwelling 

Present developed area 

Final develop 
men t— new 
streets and 
sewer system 

Existing sewer system 

With short ex- 
tension on 
existing sewer 
system 

Existing 

Possible 

Build- 

ings 

Fami- 

lies 

Build- 

ings 

Fami- 

lies 

Build- 

ings 

Fami- 

lies 

Build- 
ings j 

1 Fami- 
lies 

1-family 

294 

294 

325 

325 

376 

376 

1, 098 | 

1,098 

2-family 

10 

20 

10 

20 

10 

20 

10 1 

20 

Multifamily _ 

5 

30 

5 

30 

5 

30 

5 i 

30 

Total 

309 

344 

340 

375 

391 ! 

426 

1,113 

1, 148 


UTILITY SYSTEMS 

Streets, public areas, and paths. 

The design of the streets is based directly on the topography of 
the town site. Special attention was given to providing easy grades, 
alignments, and frontage along the streets that would be practical 
for building sites. West Norris Road and East Norris Road make 
up the main artery for traffic passing through the town. This road 
is wider and of heavier construction than the other streets. The 
width of pavement in the various streets varies from 16 to 20 feet. 
The total length of paved streets is 32,234 linear feet. There are 
64,913 square yards of paved surface consisting of macadam, ^ gen- 
erally 6 inches thick, penetrated with asphalt, and finished with a 
topping of screening and asphalt (80-pound treatment per square 
yard) . 

Gutters were developed and paved little by little after the town 
was completed. Parking inserts have been provided at intervals on 
most of the streets. To facilitate crossing streets in safety, three 
pedestrian underpasses were built at points where heavy traffic might 
eventually develop. The topography permitted these to be located 
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under bridges. Large parking spaces were provided near the con- 
struction-camp buildings and other points of public assembly. 

In order to preserve the informal aspect of the town, sidewalks 
were provided generally only on one side of the street and not neces- 
sarily parallel to or very close to the street. The paths run freely 
in such a way as to avoid destroying good trees and to strike a pleas- 
ant course without clinging to the edge of the pavement. Additional 
paths' cross the interior of the blocks. These were laid out to pro- 
vide safe, direct routes to and from the school and the community 
center. 

Water-supply system. 

The water-supply system for the camp and village is of conven- 
tional design. The population figures used as basis for the design of 
the system were 2,000 for the present town and 4,000 for the possible 
future town. The per capita domestic demand was estimated at 50 
gallons per day; industrial requirements were estimated and pro- 
vided for in event of some future developments. 

A. spring with a minimum capacity of 250 gallons per minute 
located on Clear Creek was chosen as the source of water supply. 
This water is treated at the pump house by chlorination. The ca- 
pacity of the chlorination equipment ranges between a minimum of 
10,00*0 gallons per day and a maximum of 1,650,000 gallons per day. 
Three centrifugal pumps, having a capacity of 567,000 gallons per 
day, were provided for pumping. The demand in July 1935 was 
about 275,000 gallons per day. 

A covered concrete reservoir 60 feet in diameter and 15 feet high 
with a capacity of 250,000 gallons is used for storage. The mam 
supply pipe, from the spring to the pump house, the pump house to 
the reservoir, and the reservoir to the town distribution system is all 
8-inch, cast-iron, cement-lined pipe. Pressures in the distribution 
system range from 300-foot head to 400-foot head, depending on loca- 
tion. Copper tubing is used for service connections. 

For fire protection, three 250-gallon-per-minute streams with a min- 
imum hydrant pressure of 20 pounds per square inch were provided. 
There are 46 hydrants spaced throughout the village and camp at 
intervals of from 500 feet to 600 feet apart. The hydrants are of the 
post type with 2^4-inch outlets. A truck-pumper with a 650-gallon- 
per-minute capacity and 1,000 feet of 2%-inch hose and 250 feet of 
1-inch hose is provided for fire fighting. 

Sewage-disposal system. 

In the design of the treatment plant, a maximum daily flow of 
200,000 gallons was assumed, based on a population of 2,000 at 100 
gallons per capita. Provision was made for possible future expansion 
to take care of a population of 2,500. Infiltration of ground water 
into the collection system was assumed to be negligible. 

The treatment plant is designed to give the fullest practicable de- 
gree of treatment by biological process. This high degree of treat- 
ments is required because of the low flow in the stream which receives 
the plant effluent. The disposal process used at this plant includes 
primary sedimentation, activation, and aeration by means of re- 
circulation, secondary sedimentation with sludge concentration by 
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means of gravitation, spray aeration, and sludge-drving beds of the 
open type. 

Tlie sewage enters the plant in a header designed to distribute the 
flow evenly and with low velocity into a battery of six Imlioff tanks, 
each being a separate and complete unit. 

The collection system was designed to handle only the sanitary 
sewage. Minimum sizes specified for the various types of collection 
pipes are: service connections, 4 inches; service laterals, two or more 
houses, 6 inches; mains, 8 inches. The limiting grade (minimum) 
for laterals is 2 percent ; collecting mains minimum, 0.5 percent ; out- 
fall line minimum, 0.3 percent. 

After the construction of the dam was completed and the load on 
the plant decreased, the treatment method was revised. At present 
the treatment consists of primary sedimentation, activation, aeration, 
secondary sedimentation, and sludge-drying beds. A high efficiency 
is obtained by this method of operation. 

Electrical distribution system. 

The design of the . electrical distribution system was complicated 
by the delay in making a decision as to the source of power, inde- 
cision as to the type and number of housing units to be built, and 
the decision to use electric space heating in many of the structures 
after the preliminary design and construction of the system had been 
started. Accordingly the cost of the completed system reflects the 
influence of these various factors. 

Prior to the construction of the town or the dam, a local power 
company had built a substation just north of Norris Dam, on the east 
side of the Clinch River. Unfortunately, this substation was placed 
in such a location that it would be flooded after the completion of the 
dam. 

A 2.3-kilovolt auxiliary line extended from this substation past the 
town site to State Highway No. 61, then along this highway to the 
communities of Glen Alpine and Andersonville, serving rural cus- 
tomers in the area traversed. That part of the 2.3-kilovolt line ex- 
tending from the substation at the dam to the town site was pur- 
chased by- the Authority and the first power for the town was carried 
by this line. Later the Authority constructed a substation on the 
west bank of the Clinch River above the dam, converted the 2.3- 
kilovolt line to an 11-kilovolt line, and dismantled the old substation 
above the dam. In the meantime, construction operations at the dam 
and at the town, the trade shop, the construction camp itself and the 
temporary water pumping plant were served by temporary 2.3-kilo- 
volt lines that were extensions of the 2.3 -kilovolt auxiliary line. 

When the 2.3-kilovolt line was converted to 11 kilovolts, two sub- 
stations were constructed at the town itself, transforming voltage 
from 11 kilovolts to 2.3 kilovolts, and the distribution system extend- 
ing along State Highway No. 61 from Andersonville to Glen Alpine 
continued to operate on 2.3 kilovolts from one of the town substations. 

After the primary conversion of 11 kilovolts the load side distribu- 
tion in Norris was converted from a 2.3 -kilovolt 3-wire to a 4-kilovolt 
4-wire neutral ground system. This type of system seemed necessary 
on account of the tremendous load resulting from electric space 
heating. 



184 


THE NORRIS PROJECT 


After the dam was completed and put in operation the town elec- 
tric system was served directly from the dam by an 11.5-kilovolt 
line. This circuit extended from the dam to the two primary sub- 
stations within the town, where the voltage was transformed to 4 
kilovolts for distribution. The major part of the town was then 
served by a 3-phase, 4-kilovolt line. The current for customer use 
was reduced by three 37.5-kilovolt- ampere transformers connected 
in wye on the primary and secondary sides and located on separate 
pole structures. All three phases and the neutral, which was com- 
mon to both primary and secondary, were brought into the custom- 
er’s entrance. The distribution transformers were connected to 
give 120 volts to ground and 208 volts phase to phase. Three phases 
were brought to the customer to reduce conductor size and to equalize 
the load between phases. 

One section of the town was served by single-phase 2.3 -kilovolt 
primaries and standard 115/230-volt distribution transformers. . 

Town substation No. 1 contained two banks of three 200-kilovolt- 
ampere transformer and substation No. 2 contained one bank of 
three 200-kilovolt-ampere transformers. The three banks operate 
independently, but any two, or all three, may be paralleled if so 
desired. 

The conductor of the ll‘.5-kilovolt feeder from the dam to the 
town substations was number 1/0 copper. The 4-kilovolt distribu- 
tion system was number 2/0 copper, with the exception of the pri- 
mary feeding the single-phase part of the system, which was number 
4 copper. The 208-volt secondaries were number 4/0 copper and the 
220-volt secondaries in the single phase system were number 2/0 and 
number 2 copper. 

At the completion of the system there were 63 transformers with 
capacities of 2,100 kilovolt-amperes serving the residential load in the 
town. There were 34 transformers with a capacity of 1,815 kilovolt- 
amperes serving the commercial and industrial load of the town. 

After virtual completion of the town system, the section of line 
serving Anderson ville and Glen Alpine was purchased by the Au- 
thority. In addition to this extension to the town system two short 
extensions were constructed, which consisted of 3 miles of single- 
phase rural line, and were served from the town’s 4-kilovolt distri- 
bution system. 

At the present time the town system is fed directly from the dam 
with an 11.5-kilovolt circuit. IRural lines which have been con- 
structed in this area in the interim are served from a separate 11.5- 
kilovolt circuit, which is parallel with the town circuit. In the event 
of line trouble on either the town circuit or the rural circuit, the 
town or rural load may he picked up by the other circuit, through 
switching arrangements at the town site. 

CONSTRUCTION CAMP 

General lay-out. 

The construction camp was located at the west edge of the town, 
primarily because this location gave the most convenient access to the 
dam. The general arrangement of buildings was established by se- 
lecting the tops of two ridges which came together to form a V/ At 
the apex of the V the road w y as laid out to form a rectangle en- 
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closing the top of a knoll and two streets came into two corners of 
the rectangle from the two ridges. Originally these two streets 
were designed of nearly equal lengths, but, owing to a change in the 
estimated requirements, the southern road was stopped short and 
terminated with a small turn-around. 

In the most commanding position at the apes of the V, a community 
building^ was located overlooking the square and opposite the cafe- 
teria building. At the far end of the turn-around was a women's 
dormitory, with a staff dormitory on the south side of the short street. 
There were sis workmen's dormitories of similar design, four of 
which were placed in two pairs on either side of the long street, and 
the_ other two on the otherwise unoccupied sides of the rectangle. 
This left space for at least one additional dormitory oil the long 
street if it should have proved necessary. The total capacity of the 
construction camp as built was approximately 925 persons. 

Design. 

It was difficult to forecast the requirements that the construction 
camp would have to meet as the employment load and construction 
schedule for the dam had not been fully formulated when design was 
begun. Before determining the capacity of buildings it was neces- 
sary to consider the amount of shelter available in the region, the 
number of shifts of labor, and the number of hours to be worked per 
day per shift. The number of workmen’s dormitories originally 
planned was eight. This w T as reduced to six in order to avoid risk 
of surplus. The six workmen’s dormitories built, sheltering 11S 
men each, proved to be inadequate during a short period at the peak 
of employment, and for this reason basement space was developed 
wherever practicable. At the peak of employment it also became 
necessary to erect about a dozen portable huts in the rear of the dormi- 
tories and also to build a group of cabins which could later be used 
for tourists. 

It would have been necessary to have accurate knowledge about 
the shifts of labor and hours of departure to and return from the 
dam to estimate accurately the cafeteria -capacity required. This 
information was not available at the time the camp was being de- 
signed, and the. final result indicated some over-capacity in the din- 
ing space and plant as installed. 

The lay-out of the camp proved to be convenient, and the buildings 
were so related to each other as to have an orderly and cumulative 
effect. A minimum distance of about 75 feet was maintained be- 
tween buildings for fire protection. The amount of set-back from 
the street was carefully correlated to get the most desirable result. 
The natural grades were preserved for the most part, and in this 
way it was possible to save the trees which contributed a great deal 
to the atmosphere of the camp. 

The community building was first conceived as a meeting place and 
recreation center intended mostly for men of the camp. At this 
time a separate community center was to be built to serve the village. 
As the design progressed, decisions relative to a separate village 
community center were postponed so that the community building 
in the camp had to serve as a community center for both camp and 
village for a considerable period of time. From the summer of 1934 
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to the summer of 1935 the facilities were taxed to the utmost, sev- 
eral successive meetings sometimes being scheduled for each room 
in one evening. 

The type of construction in the camp was predicated on temporary 
use of the buildings ; however, on account of numerous reports of ter- 
mite difficulties in the region, the buildings were placed on brick 
foundations, and while the construction was rough, especially as to 
interior finish, it was sound construction and proved to have a longer 
life than the actual need of the job required. If a continuing use 
had been definitely foreseen, these large wooden buildings would have 
been designed with a better standard of safety from fire hazards. 
The original design for dormitories provided for one-story buildings 
of H plan. Owing to the restricted area and lack of flat ground 
that could be developed, a long, narrow two-story dormitory was 
adopted instead, although it undoubtedly involved some fire risk. 
All ordinary safety precautions were taken, and in addition the build- 
ing was further guarded against possible fire outbreaks by frequent 
inspection and patrolling at night. 

The question of heating received considerable attention, but time 
did not permit a very deliberate study of the problem as the ma- 
terials had to be scheduled some time in advance of construction. In 
actual practice the individual hot-air heating plant and forced-draft 
system installed delivered enough heat, but not in a very hygienic 
way. In the dormitories the warm air was distributed through 
ducts discharging into each room near the ceiling and the cold air 
returned under the doors of the cubicles which were left 6 inches off 
the floor for this purpose. From the corridors the return air was 
exhausted by ducts to the basement. Electric heating of the con- 
struction camp buildings had not yet been investigated enough to be 
used in this camp. 

Considerable attention was given to external color treatment of the 
buildings, which was accomplished by using a creosote stain. 

The design of the construction camp began in September 1933. 
Construction of the workmen’s dormitories began during October 
and they were occupied about 90 days later. The entire camp was 
substantially completed about May 1934. 

Workmen’s dormitories. 

Each of the six workmen’s dormitories was a 2-story building. 
Habitable basements were developed where irregularities of grade 
made this possible. In the first and second story of each dormitory 
there was a longitudinal corridor with stairways at the middle and 
at the two ends. . The capacity of the first and second stories was 
118 men, housed in 2-men cubicles, approximately 9 by 8 feet each. 
The basements were not divided into cubicles, but were simply open 
spaces in which hunks were arranged in aisles. A large washroom 
was provided in the center of the building on each floor. A table 
was built in each of the cubicles. Windows were check-rail wooden 
sash, 1 per room. 

Construction ^ above the foundation consisted of light wood fram- 
ing sheathed with vertical boards and battens in the first story and 
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faced with oak shingles in the second story. Interior partitions 
were lined with shiplap on one side only. Floors were common oak, 
and the roofing was asphalt shingles. 

After these dormitories had outlived their usefulness, at the com- 
pletion of the construction program, four were demolished by 
Civilian Conservation Corps labor. All plumbing material, electrical 
equipment, and other salvageable material that could be used by the 




FIRST FLOOR 



TVA was removed and delivered to the warehouse for possible use 
at Grilbertsville and other projects. Lumber and other materials were 
transferred to the United States ^National Park Service for use in 
building Cove Lake State Park at Caryville and Harrison Bay 
State Park near Chattanooga. These parks are operated by the State 
of Tennessee. The C. C. C. forces landscaped the site where these 
dormitories stood, putting it back in its natural state as far as 
possible. 
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Staff dormitory. 

This building was designed to house engineers ancl^ others who 
required more living space than the workmen’s dormitories provided. 
This extra space was particularly useful in providing space for mem- 



SECOND FLOOR 

Figure 77 . — Staff dormitory. 


bers of the staff to work after hours. There were 42 sleeping rooms 
of varying sizes, designed partly for single and partly for 2-men 
occupancy. A centrally located lounge extended the full height of 
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both stories and a gallery around 3 sides at the second-story level 
was provided. Along the entire front and back of the building 
sleeping porches intended to serve the rooms of the first story were 
provided. Part of this building was occupied as an infirmary dur- 
ing the first part of dam construction as no hospital was built. 

The building had a brick foundation and was of light wood frame 
construction similar to the workmen’s dormitories. The entire build- 
ing burned to the ground after its use as a staff dormitory had 
terminated. 

Women’s dormitory. 

The women’s dormitory was similar in construction to both the 
workmen’s dormitories and the staff dormitory. The building was 
remodeled for use as an infirmary during the latter part of the dam 




NOTE 5EC0N0 FLOOR SIMILAR IN PLAN TO FIRST FLOOR 

Figuhe 78. — Women's dormitory. 


construction. At that time the women employees were housed in 
one wing of the staff dormitory which had been previously assigned 
to the engineers. The two wings were separated by a partition at 
the west end of the lounge. 
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Cafeteria. 

Because four principal shifts and a number of smaller shifts -would 
be coming and going at different hours of the day and night, and 
meals would have to be served at irregular hours, a decision was made 
to lay out this building for cafeteria style of service. The right and 
left wings were dining halls with a double serving counter in the 
center, and a kitchen extended to the rear of the building, forming 
a T. A clerestory was provided over the dining wings and over the 
kitchen so as to provide extra light and ventilation. The lay-out of 
the tables was related to the rows of group columns in such a way 
as to avoid interference. In each dining wing there were four rows 
of tables, two rows being adjacent to the front and rear walls, the 
other two being adjacent to each other hut separated by longitudinal 
dividing partitions. A water station and coffee urn were provided 
in the center of each dining wing. 

The entrance to the building projected from the center so as to 
give space to shelter men while waiting in the serving line during 
inclement weather. The serving counter was U-shaped with the 
cashier at the center of the closed end. A double service line was 
used. The serving counter was provided with a steam table and 
other necessary equipment and the kitchen was equipped for elec- 
trical cooking. Food was prepared in a room in the basement under 
the kitchen which was reached by a stairway and served by an elec- 
tric dumb-waiter. The seating capacity of this cafeteria was 544 
persons; the maximum number served at any one meal was 900. 
During the peak month approximately 90,000 meals were served. 

The building was of light wood frame construction on brick foun- 
dation. A linoleum covering was laid on the floor of the kitchen and 
serving space. The flooring in the dining wings was common oak. 

The cafeteria building was remodeled after construction of the dam 
had been completed and made into offices, as shown in figure T9. 

Community building. 

This building, as the name implies, was designed to serve a number 
of purposes. In the center of the front was an entrance lobby (later 
occupied in part by a temporary post office). At the right as one 
entered was a commissary and lounging space, and at the left was 
a library with two reading rooms. The main body of the building in 
the rear of the lobby consisted of a combination gymnasium and audi- 
torium with a seating capacity of approximately 600 persons. On one 
side of the combination gymnasium and auditorium across a conridor 
was a small auditorium seating approximately 150 persons, and in the 
corresponding position on the other side were washrooms and small 
office rooms. Other parts of the building were later partitioned off to 
form additional office rooms. 

The construction of the building was similar to the rest of the con- 
struction camp except that the roof of the auditorium was supported 
on steel trusses and steel columns. 

This building was later partially remodeled after the construction 
at the dam was completed and made into a town restaurant, and 
space was provided for a Federal art project and for concessions. 
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town. The majority of houses were set with the longer dimension 
parallel to the road. This generally gives dignity but is possible only 
where there is sufficient space for such development. A large number 
of houses , however, were set with the gable end toward the street, 
and these were interspersed with the others in such a way as to give 
interesting contrast. A few houses were set in staggered relation to 
each other and not parallel to the street. 

A notable characteristic of the town which contributes to its 
special atmosphere is that no property lines have been indicated 
between the house sites. It was at first thought that a division into 
individual house lots would be required, but in the several years of 
occupancy no such demand has ever developed. In consequence, a 
pleasing parklike open atmosphere has been, obtained which would 
not have been possible with individual properties separated by fences 
and hedges. Improvements around each house contribute to, rather 
than compete with, neighboring improvement. The houses are so 
related to each other that the service side of one house does not 
detract from the main living side of neighboring houses, and in 
fact the houses for the most part are presentable in appearance 
from all directions. While the soil did not lend itself readily to 
cultivation, the lack of luxuriant cultivation has been overcome by 
careful preservation of the surroundings as they were found in their 
natural state. 

The 5 apartment buildings were grouped together on a high ridge 
away from the single-family houses. The 10 duplex houses were 
built more or less in groups and interspersed throughout the town. 
They appear somewhat like a single-family house and their presence 
does not detract from the appearance of the town as would the 
multifamily buildings. 

Architecture. 

Group 1. — After a rapid hut comprehensive canvass of the various 
alternatives in architectural design, it was decided that every house 
planned should have a strictly rational layout as its keynote, and 
that the exterior development of the house plan in three dimensions 
should be a straightforward expression of the plan in a simple and 
homelike form. Reduced to bare essentials, this meant generally a 
rectangular plan and a simple pitch roof without any important 
featuring of dormers. Both the plans and the elevations were 
studied carefully in relation to each other to produce a satisfactory 
effect by simple mass and proportion. 2$o superfluous archi- 
tectural elements were added for embellishment. The fenestration 
in many of the houses has a modern feeling in that windows are 
used which are wider than they are high in order to provide ample 
ventilation in the summer. However, the extreme modern peculi- 
arities of recent types of fenestration were not considered suitable 
to the design. 

The houses were built without cellars; and as most of them had 
wood-floor construction, and because of possible termite infestation, 
it was considered essential to provide ample ventilation under the 
floors. To do this a minimum clearance of 1 foot was provided 
between the under side of the joists and the high point of grade 
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under the house. It was not deemed advisable to scoop out the 
natural _ grade to any great extent under the house, because the 
foundation wall would then have to be strong enough to serve as 
a retaining wall, and because such a depression would be apt to 
accumulate a pool of water under the house. Where the grade at 
the house site sloped considerably, the floor would be too far above 
the low point for convenience and pleasing appearance. To meet 
this situation two types of hillside houses were designed and used 
which had staggered floor levels more or less matching the slope of 
natural grade. These floor levels were developed for convenient 
living arrangement in the house. 

Entrances to all the houses were studied in relation to site con- 
ditions and many special adaptations were designed and used. A 
liberal use was made of porches in all except a group of 80 cinder- 
block houses which were governed by rigid considerations of economy. 

The houses varied in size from three to eight rooms, with four 
rooms and supplementary space in the attic representing about the 
average condition. The sloping roof, one and one-half story height, 
and habitable attic space — features adopted for a large portion of 
the houses — provided a homelike appearance. The use of insulation 
in walls, roof, and ceiling made possible a habitable and economical 
development of the attic space which was quite generally used as 
unpartitioned sleeping space. During the time the houses have been 
occupied, however, most of these attics have been finished to give 
two or three additional rooms. 

Several principles were uniformly applied in developing the 
ground floor of the houses : 

1. The rooms were to be of sufficient size but not expensive. 

2. The rooms were to be conveniently related to each other, with 
access from each room to the bathroom without passing through 
another room. 

3. Ample closet and storage space with no lost space was to be 
provided, and the entire plan was to be enclosed in a shell of simple 
architectural form. 

4. The dining space was to be combined economically with either 
the kitchen or the living room, rather than occupy a separate room. 

5. On account of the warm climate in summer, rooms should have 
cross ventilation or corner ventilation wherever practicable. 

Before it was decided to install electricity for heating, cooking, 
hot water, and refrigeration, the plans for the various house types 
were developed with a thought of using fireplaces and stoves for 
heating and cooking. This controlled the relationship of the 
various elements designed. In particular it affected the arrange- 
ment of the kitchen as the range had to be next to the flue, and the 
kitchen flue in general was in the same chimney with the living- 
room fireplace flue. When these considerations were removed, many 
of flie relationships in the preliminary plan were no longer logical, 
and a general revision was necessary. However, some traces of the 
original commitment remained in the designs as executed. 

In developing a particular form of electrical heating, and in ar- 
ranging a plain and simple type of housing for the use of modem 
electrical equipment, a considerable amount of special study was 
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necessary. Other technical features that had unusual importance 
were the use of up-to-date plumbing (including development of a 
novel type of aluminum shower bath stall), modern lighting, wall 
insulation of an advanced type, and termite protection by means 
of projecting copper shields from the top of the foundation walls. 
Although some of these features were experimental at the time, they 
proved generally successful. A new type of interior finish, using a 
shiplap wainscot 3 feet high, jointless plywood walls above, and 
insulation board ceiling with regularly spaced joints, was employed. 
This early use of plywood interior finish was a forerunner of rather 
extensive later use in other places. 

The architectural treatment of these houses did not call for any 
considerable amount of interior paint. Ceilings were left unpainted, 
the wood trim was given a natural finish^ and the plywood was 
finished with a light coat of creosote stain. A great deal of atten- 
tion was given to tlie exterior color treatment, with variety attained 
by leaving many houses in the natural color of the materials and by 
painting or whitewashing others. Special groupings of houses were 
emphasized by homogeneous color treatment. 

Quantitative data for this first group of 152 houses is given in 
table 38. 


Table 38 . — Quantitative data — first group of 152 houses 


Type 

Number 
of houses 
built 

Number 

of 

stories 

Number 

of 

rooms! 

Cubic feet 

Square 
feet of 
floors 

Ratio of 
cubic feet 
to square 
feet 

Dl, DIM 

11 

1H 

5 

14, 650 

990 

14.8 

D2,D2M 

15 

114 

5 

14, 650 

1,010 

14.5 

D2S, D2G 

9 

2 

6 

15, 650 

1,310 

11.9 

N2, N2A 

9 

1 

4 

13, 000 

750 

17.3 

21. — 

10 

1 

3 H 

10, 300 

684 

15.0 

22 - 

1 

1 

2 H 

9, 500 

638 

14.9 

32 

13 

m 

m 

13,700 

783 

17.5 

33._ 

6 

m 

5 H 

15, 700 

1, 160 

13.5 

34. 

4 

i 

3A 

12, 600 

829 

15.2 

41A 

3 

m 

6 

17, 500 

1,317 

13,3 

41B, 41E 

7 

ia 

6 

17, 500 

1,292 

13.5 

41C, 41D 

20 

m 

6 

17, 900 

1, 307 

13.7 

41F 

1 

2 

8 

18, 700 

1, 872 

10.0 

42 

8 

1 

4K 

16, 000 

1,011 

15.8 

43 

3 

m 

5H 

15,400 

1, 126 

13.7 

44, 44 A 

11 

0 

5H 

14,300 

1, 345 

10.6 


1 

m 

6 

24,000 

1, 681 

14.3 

46 

1 

m 

4 

14,000 

1, 100 

12.7 

54 

9 

m 

m 

18,700 

1, 418 

13.2 

55 

1 

2 

8 

21,700 

1, 640 

13.2 

56 

1 

VA 

6 

16,500 

1,205 

13.6 

57 

1 

m 

5M 

15, 400 

1, 260 

12.2 

53 

1 

m 

7 

18, 800 

1, 476 

12.7 

Steel - 

1 

i 

3 

5,750 

500 

11.5 

Total 

152 


772 

2, 320, 000 

166, 328 

1 





1 Or equivalent quarters. 


Typical house types are shown in figures 81 to 87. 




Figure 82 . — House type N2. 



Figure 83 . — House type 21. 
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Figure 86 . — House type 44. 
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Figure 87. — House type 54* 


Group 2 . — The 130 houses constructed in this group were started 
about 6 months after group 1. Eighty (types A, B, C, and D) were 
finished and ready for occupancy in October 1934. The remaining 
50 were designed in the summer of 1934 and built during the follow- 
ing winter. The first 80 houses were located on Garden and Oak 
Roads, two winding intersecting streets oh hilly ground. The others 
were interspersed through the part of town previously developed. 
Quantitative data for these houses is given in table 39. 


Table 39. — Quantitative data for the group 2 houses 


Type 

Number 
of houses 
built 

Number 
of stories 

Number 
of rooms 

Cubic feet 

Square 
feet of 
floor 

Ratio of 
cubic feet 
to square 
feet 

A 

30 

1 

4 

8,424 
8,470 
10,500 
10, 375 
9,600 

624 

13.5 

■R 

10 

1 

4 

605 

14.0 

n 

20 

2 

4 

1,000 

1,000 

662 

10.5 

r> 

20 

2 

5 

10.4 

ir-n 

49 

1 

4 

14.5 

Guest hnnsft 

1 

1 

2 










These houses all employ a distinctive method of construction de- 
veloped by the Authority. Types C and D were just under two full 
stones in height and have large rooms while the others are one story 
in height and have smaller rooms. Attic space is for incidental 
storage only, with access by trap door. None of the houses has a 
basement, and porches were eliminated except for type K— C. They 
are arranged for heating by coal or wood stoves. 

A precast beam and slab floor was developed and used in construc- 
tion rather than a field-poured slab. Since the concrete floor and 
wall unit comprise almost the whole structure up as far as the attic, 
this type of construction may be considered fire-, termite-, and rodent- 
proof. The structural surfaces are the finished surfaces, and no 
superficial finish was applied although provision was made for an 
exterior coat of stucco if later required. Experience indicates that 
the floors and walls are satisfactory as built for the purpose intended, 
and they warrant a reasonable expectation of permanence and weath- 
erproof qualities. The walls have enough thermal insulating value 
so that these houses are comparatively easy to heat. 




Hi 




B] 



Figure 90. — House type C 
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The wall blocks required some experimentation to obtain an aggre- 
gate and texture that would be moistureproof, that would take and 
hold nails, and that would have a satisfactory appearance when 
finished with one heavy coat of cement paint. For max imum econ- 
omy in laying', the especially large size blocks used in types A, B, 
C, and D were abandoned in favor of standard size blocks in type 
K-C. These houses were equipped with plumbing, electric lighting, 
and a coal range for heating and cooking. Types A, B, C, and D 
also have flues for heating rooms by stoves while the K-C houses 
have a fireplace in the living room. A hot-water tank is placed to 
provide heat in the bathroom. 

These five types, A, B, C, D, and K-C, are shown in figures 88 to 92. 
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Figure 91. — House type D. 



Figure 92 . — House type K-C . 
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Duplex . — The 10 duplex houses comprising 20 units were all 1-story 
frame construction; each unit having a living room, a bedroom, a 
kitchenette, and a bathroom. They were of low-cost construction and 
were arranged for heating and cooking by coal or wood stoves. 

Apartments . — -Five apartment buildings with 30 one- to four-room 
units were built. There were 3 buildings with 4 units each, 1 with 
8 units, and 1 with 10 units. The buildings were of frame low-cost 
construction. The interior finish was similar to the finish in the 
group 1 houses. Electrical cooking facilities were provided and the 
apartments were heated by a central steam-heating plant. 

Remodeled farm houses . — Some of the better farm houses in the 
town-site area were remodeled and used. In most cases modern- 
ization was the only change necessary, and in all cases the houses 
fit extremely well into the town plan. 



Figure 93 . — Typical duplex house. 


Construction. 

Brick veneer construction was adopted for a large portion of the 
group 1 houses on account of its permanence. Some houses with wood 
exterior finish were used for economy and variety, and the informal 
board and batten treatment of local cabins was used effectively in 
some designs. A few stone-veneer houses were built, but the number 
was limited because the stone of the locality was not economical to 
work. One experimental house of sheet steel was purchased to test 
its inherent economy and qualities in actual service. The walls and 
other structural parts were purchased and erected by the manufac- 
turer, but the Authority did all of the other construction work. 

In the group 2 houses the successful use of cinder-concrete block 
walls in a large number of houses constitutes an important innova- 
tion. _ This is significant in that a permanent structural material was 
used in which the structural surfaces also served as the finished 
surfaces inside and outside the house. Special precautions were nec- 
essary to make such a wall reasonably weather resistant. This hare 
type of building was adequate for minimum housing. Provision was 
made, however, for subsequent improvement for a higher rental 
occupancy later. The improvement has already been made in the 
two-story cinder block houses by insulating and lining the inside of 
the walls and installing electrical equipment. The original con- 
struction anticipated improvement outside the house if it should ever 
be required by applying stucco to the cinder blocks, and provision 
for this was made m the structural details. The special type of floor 
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■employing precast concrete beams and integrally-colored precast and 
highly-finished cement floor slabs is also a striking innovation de- 
signed for low maintenance cost. 





The remaining residential buildings — duplex houses and apartment 
houses — were of low-cost frame construction similar to the group 2 
frame houses. 
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The construction work in the town was clone by the Authority on 
a force account basis, with few exceptions. 

Landscaping. 

Grading around houses was kept to a minimum because of the cost 
and because of the undesirability of exposing large areas of bad 
subsoil. Grading was also kept low in order to prevent the creation 
of extensively steep banks on topography which to begin with usually 
had considerable slope, and to avoid excessive cutting of trees around 
house sites and wooded areas. Generally, top soil was not worth 
stripping and saving, but it was preserved whenever feasible. As 
far as possible, spreading heavy subsoil on the surface was avoided. 
In a few instances, inexpensive dry-rock retaining walls were used 
where relatively heavy cuts were unavoidable at the rear of houses. 



^Figure 95 . — Typical remodeled farm house. 


To improve the soil, in large open areas cowpeas and Johnson grass 
were sown for summer growth and then plowed under in the fall. 
Thereafter, domestic ryegrass was sow T n, together with permanent 
grass mixtures, including lespedeza for spring planting. In smaller 
open areas around individual houses some top soil was provided and 
seeding done. Additional improvements were left to the tenants. 
For access from sidewalk or street to house entrances, stepping stones 
were provided. Service paths to kitchen entrances were surfaced with 
crushed stone chips. 

Planting around individual houses was left to their occupants who 
were given the opportunity of selecting adequate quantities fi'om a 
supply of trees and shrubs purchased for that purpose. Advice about 
planting was furnished by a resident landscape architect where such 
advice was requested. Plant materials have continued to be available 
to those who wish to improve the properties occupied to an extent 
greater than the minimum needed for foundation planting of the 
house and its immediate vicinity. Planned planting was carried out 
on the pounds of the school, the community center, the five apart- 
ments, the town common, and in large open areas throughout the 
town. 
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Garages, service roads, and parking space. 

The frequent_ steepness of slopes between houses and streets, com- 
bined "with desirability of keeping costs as low as possible, created 
a problem regarding the location 'of garages and entrance drives to 
dwellings set some distance back from the street. To service the first 
group of 152 houses, group garages were located in the block interiors 
and reached by one or more drives from adjacent streets. 



Figure 96. — Typical group garage. 


Later, when some of the houses were designed to be lieated by coal 
rather than electricity, the need of providing access for coal trucks 
to reach each house caused the building of service roads. These were 
located unobtrusively, providing a turn-in to each coal-burning house. 
Outside storage of coal was taken care of by means of bins consisting 
of three precast concrete slabs for sides. Group garages for these 
utilized existing service drives and were located as inconspicuously 
and as close to the houses served as possible. 

In comparing the effectiveness of large group garages with that 
of smaller units, there is evident need for balancing the relative 
inconvenience of greater distances having to be traversed by some 
car owners in reaching isolated group garages in the center of blocks 
with the undesirability of having the smaller multiple unit garages 
rather close to some of the houses. Neither solution is ideal 3 but 
group garages cost considerably less than providing an individual 
garage and entrance drive for each house. In many cases it was 
practicable to provide parking areas adjacent to main roads and 
service drives, where many occupants prefer to leave their cars at 
all hours rather than avail themselves of garage space. 

Athletic and recreation facilities. 

The community building and play areas, which included softball 
and baseball diamonds, tennis and volley ball courts, and children’s 
playgrounds, offered facilities for wholesome recreation activities. 
This program by the Authority, sponsored in cooperation with a 
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voluntary employees’ recreation association, included outdoor and 
indoor activities of all -lands, including music, athletics, dramatics, 
hiking, fishing, and boating. 

Parks and playgrounds. 

The town development included an adequate yard with each house 
as well as frequent undeveloped woods or open areas close at hand, 
and for this reason it seemed unnecessary to develop any parks as 
such within the town. Norris Park is only a short distance from the 
developed portion of the town to the north and west. On the other 
side of the town the protective belt offers unlimited opportunities 
for walking and children’s play.. Adjacent to the school a large 
playground was provided, including separate play areas for kinder- 
garten and nursery school children, for the smaller grade school 
children, and for those of high-school age. Another smaller play- 
ground in the center of the group of < cinder-block houses on the 
south side of the town includes a wading pool, swings, and other 
types of apparatus. 

Costs. 

The total costs for all buildings and groups of buildings com- 
prising the residential section are shown in table 40. These costs 
are further analyzed on page 218. 


Upper bands represent influence of special 



The weight of the various factors making up the cost of the two 
large groups of houses is shown diagrammatically in figures 97 
and 98. 
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SCALE OF 
DIRECT COST 
$ 

2000 


80 MOUSES LIKE THIS 
DIRECT COST 

$2102 ,$572, 


^7 


CARPENTRY 
HARDWARE 
l CEILING INSL. 


CINDER BLOCKS 
& CONCRETE FLOOR 


CONCRETE ETC. 


32 HOUSES LIKE THIS 
DIRECT COST 

$1973 ,$533. 


LIGHTING 


- HEATING 
PLUMBING 


CARPENTRY 
HARDWARE 
& CEILING INSL 


CINDER BLOCKS 
8, CONCRETE FLOOR 


CONCRETE 
l BRICK WORK 


$ 

2000 


Direct labor S. material 
approx, equal 


/, 


-Job overhead. 
Design and 
.technical service 
/j" Gen . admin 


Direct labor L material 
approx, equal 


TOTAL COST $2674 


m 


•Job overhead . 
Design and 
technical service 
Gen. admin . 


TOTAL COST $ 2506 


AVERAGE OF TYPES A,B,C,D, TYPE K-C 

Figure 98. — Cost structure of group 2 houses. 


Table 40. — Cost comparisons of houses in the residential section 



Total 
cost 1 per 
house 

All 

houses 


Total 
cost 1 per 
house 

All 

houses 

Groupl houses — 152: 

$4,076 
10, 170 
6,677 


Remodeled farm houses— 12: 
Average 

$522 




Total 

$6, 236 

Average. 


Duplex houses— 20 families: 
Average 

1, 311 


$1, 014, 992 

Group 2 (cinder block) — 80: 
Minimum 

2,145 

3,177 

2,674 

Total , 

26,219 

Apartments — 30 families: 
Average 

1,920 

IVf pnrimriTn 


A vpregft 


Total 

57,588 

1,935 

'TWfll 

213,943 

Two-room guest house 

1,935 


2,742 

Total cost 1 

K type 49: 


1,445,277 

Tnf al - - - - 

124,364 






i Additional cost data on houses built by tbe regular TV A construction organization appear in tables 
41 to 46. 
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Table 45 . — Comparison oj the three general classes of houses 


Cubic feet 

Square feet of floors 

Ratio 

Job cost: 

Per house 

Per room 

Per cubic foot 

Per square foot floor 


Average of 
group 1 


15, 265 
1,094 
13.7 

$5, 752 
1,133 
0. 376 
5. 26 


Typo K-C 


9, 600 
662 
14.5 

$2,162 
540 
0. 225 
3. 27 


Types A , 

B, C, D 


9, 442 
807 
11.7 

$2, 305 
542 
0.242 
2.88 


Table 46 - — Quantities and costs — cinder block houses 



Type A 

Type B 

Type C 

Type D 

Type 

K-C 


30 

10 

20 

20 

32 

1 


1 

1 

2 

2 


4 

4 

4 

5 

4 


8, 424 

8, 470 

10, 500 

10, 375 

9,600 

662 


624 

605 

1,000 

1,000 

Per house: 

$1,735 

$1,590 

$2, 430 

$2,580 

$1,973 
$2,162 
$2, 506 

$493 

$540 


$1,904 

$1,744 

$2, 663 
$3, 090 

$2, 828 1 


$2. 209 

$2, 025 

$3, 281 

Per room: 

Direct cost 

$434 

$397 

$608 

$516 

Job cost 

$476 

$436 

$666 

$565 

Total cost 

$552 

$506 

$772 

$643 

$627 

$0. 205 
$0. 225 
$0. 261 

$2.98 
$3. 27 
$3. 79 
14 5 

Per cubic foot: 

D irect cost 

$0. 206 

$0. 188 

$0. 231 

$0. 249 

Job cost 

$0. 226 

$0. 206 

$0. 254 

$0. 273 

Total cost 

$0. 262 

$2. 78 

$0. 239 

$0. 294 

$0. 316 

Per square foot: 

Direct cost 

$2. 63 

$2. 43 

$2. 58 

Job cost _ 

$3. 05 

$2. 88 

$2. 66 

$2. 83 
$3. 28 
10.4 

Total cost 

$3. 54 

$3. 34 

$3. 09 

Ratio of cubic feet to square feet floor _ _ 

13.5 

14.0 

10. 5 



Note. — D irect cost includes direct labor and materials only; job cost includes job burden, job overhead 
and medical services; total cost includes design and technical services and administration. 


CIVIC GROUP 

The character of the community center was dependent on the type 
of town that was to be developed. In the beginning it was anticipated 
that industries might be located at Norris, and with this in view a 
rather comprehensive scheme for a civic and business group was con- 
templated. It gradually became apparent that the prospects of 
industrial activity might be long deferred, and for this reason the 
plans were reduced in scope from time to time so as to he in scale 
with actual occupancy of the town. As the school was an indis- 
pensable element, attention was first focused on a school building. 

Another element of the civic group that was early considered, and 
the first one on which construction was started, was an “agricultural 
building” intended as a food market which would be supplied, at 
least in part, by^ local farmes who would come in with produce 
and sell from their wagons in the rear of the building. At this time 
it was also thought that the inhabitants of Norris would engage in 
part-time agriculture to a considerable extent, and the building was 
intended to serve as a store for selling farm implements, seed, and 
other farm items. A building was actually constructed in the sum- 
mer of 1931 which was intended for these purposes. This idea was 
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subsequently abandoned and substantially the same building, re- 
modeled and added to, now serves as a drug store, food store, tele- 
phone exchange, and post office. 

School building. 

Plans for the school were studied in a general way in the early 
part of 1934 and were carried on actively in the summer of 1934. 
As there was a shortage of high-school facilities in the neighbor- 
ing parts of the county, it was thought feasible to build the school 
so that it could be used in combination with the county (the county 
paying a share of the expenses), and on this basis the cost of reason- 
ably good construction was more readily justified. It appeared that 
a capacity of at least 300 pupils would be required immediately, and 
that there would soon be a permanent use for a capacity of at 
least 400. 

By this time the question of electric heating was prominent, and 
comparative studies were made to determine the feasibility of heating 
the school building electrically. There were proponents of both coal 
and electric heating; but in view of the interest of the Authority in 
electrical developments, it was decided to heat the building 
electrically. 

On account of the location on a hillside slope, the school was de- 
signed two stories high at the front where the ground was low and 
one-story at the rear where the grade was approximately at the floor 
level of the upper story. 

The arrangement of floors assured adequate fire exits for both 
levels. While a strictly fireproof construction was not adopted, it was 
highly fire-resistant. The first story was designed with a concrete 
slab floor resting on grade or fill, and the heating room and trans- 
former vault were enclosed in fireproof concrete walls. A part of 
the lower story at the rear was dug into the hillside. The exterior 
walls above the footing and concrete walls were built of solid brick 
mostly 12 to 16 inches thick, and interior partitions, 8 inches thick, 
were of the same construction. Great care was taken with the 
workmanship of the walls, with the result that no trouble was expe- 
rienced later with filtration of moisture from the outside, a trouble 
which is often found in brick walls without interior furring. The 
ceiling of the first floor was metal lath and plaster throughout. As 
fire protection was less essential at the top of the building, the ceiling 
of the second story was finished with insulation board. The floor 
construction of the second level consisted of heavy wood framing with a 
hardwood finished floor. The auditorium was built with steel columns 
and steel roof trusses. The steel trusses were also used for the clear 
span of the kindergarten room and the library. Over these trusses the 
roof construction consisted of 2-inch wood planks, and the remainder 
of the roof was of ordinary wood frame construction. The roof cov- 
ering over the entire building was standard V crimped galvanized- 
iron roofing. - , 

A sloping roof was adopted as being more in keeping with the 
residential characteristics of the town. A successful effort was made 
to keep the exterior treatment of the building plain but pleasing in 
proportion. The central windows at the front and all of the en- 
trances were given an architectural treatment especially designed to 
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accent the points of interest without departing from the simplicity 
of the scheme as a whole. The fenestration employed large double 
hung windows. 




Figure 99. — School building . . 
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Between October 1934 and February 1935 classes were held in 
seYen K- and S-type houses from which the partitions had been 
temporarily omitted so as to form classrooms the full size of the 
house. Construction of the school building proceeded smoothly and 
it was occupied in February 1935. 

Workshop. 

The building which housed the training activities during the dam 
construction period was vacated when the space was needed for lab- 
oratory facilities. As there was no space available for a workshop 
in the school building, a supplementary structure was designed and 
built in the winter or 1935-36. 

This building was placed a sufficient distance to the rear of the 
school building off the southeast edge of the play yard so that the noise 
would not be too objectionable. It was desired that this shop should 
exemplify a type of community facility that might be duplicated by 
other small modern communities. The type of construction was, there- 
fore, limited to wood frame with board and batten walls and galvanized- 
iron roof, but the proportions and fenestration of the building were 
carefully studied in relation to the environment and harmony with 
the architectural forms used in the school building. Steel sash was 
used, spaced in a regular pattern, and the color treatment gave a sub- 
dued and satisfactory tone to the structure. 

The building was equipped mainly for woodworking with machines 
transferred from the former shop. Some space was used for metal- 
working, and a paint shop was provided. A large canopy or shed at 
the rear of the building was built to give supplementary space. This 
space was later enclosed. 

Store building and town office. 

As previously stated, an agricultural building was planned as a 
part of the town. However, in view of the fact that agricultural 
possibilities in the immediate vicinity proved to be very limited, it 
was decided to change the use of the agricultural building by alter- 
ing it, completing it in a different way, and adding to it a struc- 
ture to house the town office. The design and construction of this 
building proceeded during the fall of 1934 and up to the summer of 
1935. 

The original “agricultural building” was extended to the rear, and 
the fenestration of the front was changed. The plans were changed 
to include a public toilet, drug store, food store, telephone exchange, 
and storage room. Later a design was made for installing the post- 
office between the food store and the telephone exchange. This work 
was carried out when the temporary post office in the community 
building was to be abandoned- Design of the interior appointments 
of the drug store and food store received careful study to exemplify 
modern practice carried out with due restraint, taking into consider- 
ation the small size and unpretentious character of the town and yet 
recognizing that these stores, particularly the drug store, would be 
exposed to a great deal of public inspection by tourists. 

The building was of brick and wood construction with a concrete 
slab floor and asbestos shingle roof. A finished floor of asphalt tile 
was added to the food store and drug store, and the interior surfaces 
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and ceilings were given ^ appropriate treatment for the two types of 
commercial enterprises, including all necessary store fixtures of mod- 
ern design. The building is heated with an electric-blast heater sys- 
tem with a novel type of warm-air discharge below the ceiling and 
with baseboard type convection heaters. Modern lighting was in- 
stalled in both stores. 




Figure 100 . — Store building and town office 


Construction work proceeded simultaneously on the addition ex- 
tending to the northeast of the store building which provided office 
space for administration of the town and various activities in the 
reservoir area. This building was designed with brick walls and a 
precast integrally-colored cement slab-floor construction similar to 
that employed in the cinder-block houses. Interior surfaces of walls 
and ceilings were finished with plywood in architectural patterns. A 
considerable amount of office space was developed in the half story 
under the roof which was augmented by dormers at the front and 
back. This building also contains a public toilet. The offices are 
heated with electric radiators recessed in the walls. 

A metal canopy in front of the store building united the two stores 
and the post office, and a stone terrace was laid the entire length of 
the offices. Both the drug store and second floor of the office build- 
ing were later air conditioned. 

Fire station. 

. The other building which has been included in this civic group 
is a combination fire station and firemen’s living quarters southwest 
of the store building. The location was adopted partly for con- 


EMPLOYEE HOUSING 


215 


venience in combining police service (which was established in the 
town office building) with fire service, as the man who would always 
be on duty at the police desk could also be available to drive the fire 
truck. The structure was improvised by moving one of the duplex 
houses, readjusting the two parts in relation to each other, and re- 
modeling the entrances. A driveway was arranged permitting an 
easy turn into West Norris Road in either direction. 

COMMERCIAL AND SERVICE STRUCTURES 
Commercial structures. 

An overnight tourists’ camp consisting of 15 cabins was designed 
and built near the construction camp area. It was designed and 
constructed in lieu of another bunkliouse and was used for housing 
workmen during a considerable period. The cabins were provided 
with plumbing and kitchen equipment and screened porches. Since 
it was taken over as a supplement to the construction camp during 
the peak of employment, the tourists’ camp was never fully developed 
as such during the _ construction period. However, after the major 
portion of construction was completed, the camp was used for tourists. 



Figure 101 . — Typical cabin irt tourist camp . 

At the junction of East Norris Road with the freeway a traffic 
intersection was especially designed to take care of the meeting of 
these two roads and the crossing of State Highway No. 61. It was also 
designed to accommodate a filling station on a . central island be- 
tween lanes of traffic. This is the only filling station on the freeway. 
It also is the only station close to the town. The lay-out of this 
intersection facilitates traffic flow and minimizes traffic hazards. 

Dairy group. 

A complete dairy lay-out consisting of a bam, milking house, and 
pasteurizing plant was constructed to furnish milk and butter for 
the village and camp and to serve as a working model showing 
progressive methods of producing and handling dairy products. It 
also provided a training center for TV A workers desiring to gain ac- 
tual experience in these methods. 

laboratory buildings. 

The building originally built as a tradeshop but later taken over 
for laboratory space was remodeled in the spring of 1935. The 
building is a large brick structure of mill construction with steel 
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framing for the roof. Large side windows and a clerestory are 
provided to insure ample light.^ 

At the present time this building houses a hydraulic laboratory, 
a soil mechanics laboratory, a water analysis and silt laboratory, a 
minerals testing laboratory, and an office for field engineers who col- 
lect hydrological data in the Norris area. 




A ceramics laboratory was built consisting of a research labora- 
tory^ an office, and a display room. The main part of the building 
is of wood construction while the L which extends toward the street 
is built of stone. . This arrangement brings the building into satis- 
iaetory relationship with the houses on the opposite side of the street. 

COSTS 

It was hoped at first that the large scale and direct handling of 
operations might result in extraordinary economy. These hopes 
were nullified to a certain extent by loss of efficiency due to the 
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necessity of pushing construction work at the same time that major 
decisions and plans were taking form. Under Government proce- 
dure and established public policy, it was not possible to take ad- 
vantage of bargain prices in materials nor was it the policy of the 
Authority to exploit labor as is sometimes done in private opera- 
tions- However, when all of these circumstances are taken into ac- 
count, the actual costs are not out of line with those of private opera- 
tions of a similar character. The rapidly changing business condi- 
tions (see fig. 157) and changing outlook of the Authority in its 
initial stages resulted in a departure from the original premises on 
which the design of the town was undertaken, but the cost of repro- 
ducing the same values on a more deliberate basis would not be sub- 
stantially different. 

It is now generally recognized by public and private agencies in 
the United States and elsewhere that residential construction presents 
a set of stiff economic conditions that has not yet yielded to attempts 
at major improvement. The difficulties lie not alone in the housing 
but in the land improvements which are necessary to serve the hous- 
ing, and which, in the ordinary course of gradual building up of a 
community, are largely absorbed under taxes and assessments and 
escape more or less unnoticed. 

Conditions of labor policy, time limit, and elasticity of plans had 
committed the TYA to a program of building the houses for the 
most part by direct force account. The alternative of letting at least 
part of the work to private contractors was not overlooked. 

After construction had started on the first of the group 1 houses 
and as soon as designs and specifications approached final form, com- 
petitive bids were publicly advertised and taken on six house types. 
The types on which bids were asked were representative of the group 
1 houses, as they include extreme and intermediate sizes, and the 
average cost of these houses as built happens to check within a few 
dollars of the average of the entire group. The contract conditions 
bound the bidder to TYA wage scales, but not necessarily to 3U A. 
code prices for materials. In the comparison it will be assumed that 
the bidder would have conformed to the N. R. A. provisions. A com- 
parison of the actual job cost as built by TVA with the low-bid ad- 
justed cost is shown in table 47- 


Table 47. — Comparison of actual cost tvith bid prices 


House type 

Average of the bids 
submitted 

Low bids as submitted 

TVA job 
cost as 
built * 

Before ad- 
justment 1 

After ad- 
justment 

Before ad- 
justment 1 

After ad- 
justment 1 

D1 

$4,878 

$6, 211 

$4,402 

$5,735 

$5,486 

D2 

4,568 

5,901 

4, 194 

5,527 

5, 318 

N2 

4,666 

5,999 

4,055 

5,383 

5,155 


4, 453 

5,786 

4,098 

5, 431 

5,246 

41B 

5,100 

6,433 ! 

4,532 

5,865 

6, 102 

54 

5, 970 

7,303 

5,495 

6,828 

7, 296 

Total 

29,635 

37,633 

26,776 

34,774 

34,603 

Average of 6 types - 

4,939 

6,272 

4,463 

5,796 

5,767 


1 Bids adjusted to include work to be done by the Authority, materials to be famished by the Authority 
and extras added after taking bids. 

1 Comparable figures. 
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TVA costs for design and administration are not included in these 
figures. They would have been approximately the same in either 
force- account or contract work. 

As a further check on costs, a few of the houses, the filling station, 
the apartments, and the town office were assigned to a small, inde- 
pendent organization for construction. All materials and labor 
used by this organization were procured through regular TVA chan- 
nels, hut costs were kept separate in order that proper comparisons 
could be made. The quality of the work done by this organization 
was slightly below that of the regular TVA house construction. The 
costs were, in general, higher than those secured by the larger regular 
construction organization. 

All Norris housing construction was virtually complete by June 30, 
1935, and the statement of costs of construction of the town of Norris 
and the camp as of that date may be summarized approximately 
as shown in table 48. 


Table 48 . — Cost data , June 30, 1935 



Direct 
construc- 
tion cost 

Total cost 
(includ- 
ing design 
and over- 
heads) 

Clear, site, including land- 

$65, 227 
152, 286 
12, 036 
12, 339 
134, 355 
135,433 
5, 819 
120, 635 

$82, 987 
194,513 
15,312 
15,701 
170, 950 
172, 322 
7,402 
143, 347 

Streets, signs, etc 

Service drives, garage courts- - 

Path system 

Water system 

Sewer system. 

Storm drainage 

Total— 

638, 130 

802, 534 

Temporary fixe station 

Mess hall. ....... 

75 

35, 202 
183, 619 
48,734 

95 
44,787 
233, 628 
62, 007 

Bunkhouses and dormitories. _ 
Community building 

Total... 

267,630 

340, 517 

Trade shop 

38, 918 
2,032 
7,687 
2,294 
2,313 
14, 003 

49, 516 

2, 584 
9,781 

2, 917 
2,943 

17, 820 

Sawmill 

Dairy barn 

Milkshed 

Horse barn.. 

Creamery 

Total 

67, 247 

85, 561 

Remodel houses for school 

Hotel (canceled) 

Commercial building (can- 
celed) 

3, 719 
438 

201 

4,731 

557 

254 

Total 

4, 358 

5 , 542 




Direct 
construc- 
tion cost 

Total cost 
(includ- 
ing design 
and over- 
heads) 


$127, 019 

$161, 616 


32, 563 

41, 430 

Tennis courts and athletic 
field 

7,221 

2,408 

9,377 

9, 187 
3, 062 
11, 934 

Service facilities 

Plant yard and warehouses... 

19,006 

24, 183 

Town office and store build- 

62,464 
13, 888 
18, 309 

79, 330 
17, 639 
23, 252 

Preeway filling station 

Ceramics laboratory 

Total 

94, 661 

120, 221 

Garages Qarge groups) . 

Remodeled farm houses 

Apartments (5 buildings) 

Total 

19, 350 
4, 921 
45, 259 

24, 618 
6, 236 
57,588 

69, 530 

88, 442 

152 houses, group 1 

One 2-room, guest house 

80 houses, cinder block group . 

49 houses. K type 

10 duplex houses (20 families)— 

Total 

797, 714 

1, 014, 992 

1, 651 
168, 146 
97, 924 
20, 620 

1, 935 
213, 943 
124, 364 
26, 219 

288 . 341 

366. 461 

Grand total 


2, 406, 199 

3, 051, 499 


This statement does not include movable equipment and machinery, 
livestock, repairs, remodeling, or other maintenance work and 
developments incurred subsequent to June 30, 1935. 

Additions and betterments to the town properties incurred between 
June 30, 1935, and June 30, 1938, and the inclusion of additional 
nearby rural electrification lines, marine equipment, and other operat- 
ing equipment increased this investment to $3,887,984.33 as of June 
30, 1938. 
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CAMP AND VILLAGE CHARGES TO NORRIS PROJECT 

The Norris multiple-purpose hydraulic project was charged 
$918*999.50 for employee housing accommodations. This amount 
(including the total cost of construction and operation of the camp, 
and normal depreciation on the permanent town facilities during the 
construction period) is analyzed in table 49. 


Table 49 . — Amount of cost of camp and village charged to the project 


Dormitories, community, and other buildings 

Norris public school 

Cafeteria, commissaries, barber shop, drug store, food store, 

creamery, and filling station 

Utility services, streets, grounds, public health, and safety 

Dairy, poultry, and tract farms 

Employee training and recreation 

Undistributed administrative costs to June SO, 1935 3 ____ 

Total. 


Income 

Net 

expenses 1 

Net 

cost 

. $296, 036. 84 

5, 541. 79 

2 $535, 865. 88 
98,568.95 

$239,835.04 
93,027. 1G 

796, 444. 35 
62, 995. 45 
1, 643. 61 
21, 954. 74 

885,027.81 

170,421.98 

61,349.83 

273,478.53 

78,897.30 

88, 583. 46 
307,426.53 
59, 706. 22 
251, 523. 79 
78,897.30 

1, 184, 610.78 

2, 103, 610. 28 

918,999.50 


1 Included here are (1) all operation expenditures, (2> depreciation on buildings and equipment 
($614,744.02 which includes the entire first cost of temporary camp facilities and normal depreciation 
during the construction period on the permanent town facilities) , and <3) interdepartmental credits 
($521,453.03) which represent charges to other departments and operations for use of buildings and roads, 
policing, electricity, water, and similar services. 

2 Includes all building depreciation for fiscal year 1935. Tn all other years such depreciation was either 
charged direct to various operations or distributed through rental charges thereto. 

3 administrative costs subsequent to June 30, 1935, were distributed to the various operations. 

BIBLIOGRAPHY 

This bibliography includes all known published material concern- 
ing the contents of chapter 4. The fact that a publication is included 
should not be interpreted as giving official endorsement or confirma- 
tion of its contents. 

Architectural Forum. TV A Homes Examined. 67 : 60. August 1937. 

♦Augur, Tracy B. The Planning of the Town of Norris . American Architect, 
148 : 18-26. April 1936. 

Bolen, C. S. Telephones for the TV A. Southern Telephone News, 26 : 2-7. 

April 1938. • 

Christian Century: 

Churchless Norris . 51 : 1448-1449. November 14, 1934. 

Religion at Norris . Reply to tl ChurcMess Norris,” 51:1565. December 
5, 1934. 

Concrete Highways. Veteran in Heavy-duty Service , Concrete Road Assumes 
New TV A Duty in Perfect Condition. 16 : 10-11. September-Oetober 1935. 
Construction Methods. Heavy-duty Road to Serve Norris Dam a Rush Jot>. 
16 : 42. February 1934. 

♦Dawson, J. D. Progress in the Tennessee Valley . Federal Employee, 19 : 7. 

November 1934. 

♦Draper, Earle S. : 

Central Electric Heating Plant in TV A School at Norris. Heating and 
Ventilating, 33 : 23-27. August 1936. 

Freeway Design Principles Applied on a Rural Road. Engineering News- 
Record. 117 : 681-684. November 12, 1936. 

New Town. My Garden and Home, 1 : 13-14. December 1934. 

New Deal Homes for Tennessee Valley Project . American Builder, 56 : 20- 
21. January 1934. 

New TV A School at Norris , Tennessee. American School and University, 
66-68. 1935. 


*TVA staff member. 



220 THE 1TORKIS PROTECT 


*Draper, Earle S. — Continued. 

New TV A Toicn of Norris , Tennessee. American City, 48: 67-68. Decem- 
ber 1933. 

Town Stores and Office Building , Norris, Tennessee. Architectural Record 
80 : 139-142. August 1936. 

TV A Freeway. American City, 49 : 47-48. February 1934. 

TV A Freeway. American Civic Annual, 5 : 134-135. 1934. 

TV A Town of Norris, Tennessee. American Civic Annual, 5 : 208-209. 1934. 
TV As Yardstick for Housing. Architectural Forum, 63 : 162-170. Septem- 
ber 1935. 

Dixie Contractor. TV A Small House Planning. 9:5-7. September 18, 1935. 
Barth Mover. Developing a Town Site at Norris Dam. 5 : 9-12. May 1934. 

Rushing the Norris Freeway to Completion. 21 : 10-13. June 1934. 
Engineering News-Record : 

j Heavy-duty Concrete Road to Norris Dam. 112:254-255. February 22, 
1934. 

Highway Cut and Fill Slopes Treated to Check Soil Erosion in the Norris 
Dam Reseixoir Area. 116:48-44. January 9, 1936. 

Farrar, J. M. TV A Freeway. Highway Magazine, 25 : 275-277. December 1934. 
Federal Home Loan Bank Review. Small Home for Norris , Tennessee. 3 : 409. 
September 1937. 

Hooper, Leslie J. Hydraulic Laboratories : Tennessee Valley Authority. Jour- 
nal of the Boston Society of Civil Engineers, 25:223-227. January 1938. 

* James, Gwennie. I live in. Norris. Independent Woman, 15 : 315. October 1936. 
*Lockmeyer, Elsie, and ♦V’arnell, W. D. Electricity at Noms School. School 
Life, 23 : 260. March 1938. 

Manufacturers Record. Building the New Town of Norris , Tennessee. 103: 

18-19. April 1934. 

McLeod, Ruth Peck: 

A Modern TV A Electrically Heated School Building at Norris, Tennessee . 

American School Board Journal, 92:41-42. January 1936. 

Milk is Helping Build the Norris Dam. Civic Health, pp. 6-7. June 1935. 
North Western Druggist. TVA Installs Model Drug Store, p. 46. Septem- 
ber 1935. 

Roads and Streets. Tennessee Valley Road Job Completed in Record Time. 
57 : 49-50. February 1934. 

Stevenson, Charles. Contrast in “ Perfect ” Towns. Nation’s Business, 25: 18-20. 
December 1937. 


*TVA staff member. 



CHAPTER 5 

CONSTRUCTION PLANT AND RIVER DIVERSION 

As in tlie case of the design of the dam and powerhouse, the first 
preliminary construction plant and river diversion studies were con- 
ducted by the United States Bureau of Reclamation at Denver, Colo. 
However, final construction plant and river diversion studies and 
designs were conducted by the Authority. The design, construction, 
and operation of the temporary facilities used in construction work 
and the temporary facilities used in the river diversion operation are 
described in this chapter. 

CONSTRUCTION PLANT 

The principal construction problem at Norris Dam was to manu- 
facture and place approximately 1,000,000 cubic yards of concrete. 
This concrete had to be placed at such extreme elevations as the bot- 
tom of the draft tube excavation, which was at elevation 792, and the 
top of the roadway over the dam, which was at elevation 1,061, and 
within an area defined by the width of the base of the dam and apron, 
which was 423 feet, and the length of the crest of the dam, which 
was 1,570 feet. 

The construction schedule called for completion of the major con- 
crete structure in 18 months. Early laboratory aggregate and con- 
crete investigations showed that concrete made from aggregate 
crushed from dolomite rock, which was available in unlimited quan- 
tities close to the dam site, had the desirable strength, durability, and 
thermal properties to be satisfactory for use in the dam. It was 
possible, since the quarry was close to the dam axis, to lay out an 
aggregate manufacturing and concrete mixing plant to provide for 
continuous operation from the quarry to the dam. 

Cement for the dam was unloaded from freight cars at Coal Creek, 
Term., by portable pumps into a 6,000-barrel storage silo. Truck- 
trailer hauling units then delivered the cement as needed to the dam 
where it was dumped into a hopper, and two stationary pumps de- 
livered it to the bins in the mixer plant or to a 6,000-barrel storage silo. 

The principal units of the construction plant consisted of a primary 
crusher at the quarry, discharging onto a belt conveyor which carried 
the aggregate across a valley to a secondary crusher. The secondary 
crusher discharged onto another belt conveyor that carried the ag- 
gregate onto a screening structure where the rock was screened out 
into the four large sizes of coarse aggregate and placed in storage 
piles. The remaining small sizes and surplus from the large sizes 
were carried to the sand plant, where two sizes of fine aggregate were 
manufactured. The average designed capacity of the aggregate manu- 
facturing plant was 390 tons per hour, but actual continuous produc- 
tion reached 350 tons per hour. 
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Figure 103 . — Construction schedule. 
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Figure 104 . — General view of plant. 
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The mixer plant was located on the west bank of the river, level 
with the top of the dam and approximately 300 feet upstream from 
the axis. A belt conveyor in a tunnel under the aggregate storage 
piles conveyed the aggregate to the mixer plant. Bins for cement and 
aggregate were located at the top of the steel mixing plant structure. 
From the storage bins the aggregate and cement flowed by gravity 
into batch-weighing hoppers and from there the material* was dis- 
charged into a conical steel hopper that fed any one of the three 



JTigure 106 . — Construction plant equipment schedule. 


mixers. _ Concrete from the mixers was discharged through a conical 
hopper into transfer cars which hauled the concrete to a point directly 
under one of the two cableways. There the concrete was discharged 
into a bottom-dump cableway bucket. The cableway finally trans- 
ported the loaded buckets to the forms where the concrete was dumped. 
The cableways were designed to handle a maximum of 75,000 cubic 
yards of concrete per month, but actually placed a maximum of 92,782 
cubic yards in 1 month. 
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Other plant facilities such as warehouses ancl shops; compressed air, 
raw-water, and electric power systems; ancl the roads were laid out 
and designed to conform to the needs of the concreting operations. 

The design and selection of the construction plant was made by 
a staff of engineers under the supervision of the construction plant 
engineer and direction of the construction engineer. The work was 
performed, in close collaboration with the construction superintend- 
ent and with the advice of a construction consultant. This program 
was in accordance with the policy of the board of directors to per- 
form the construction work by the Authority’s forces. 

The source of aggregate supply was a problem around which the 
preliminary investigations were centered, and in this connection 
two general sources were immediately obvious: first, the purchase of 
aggregates from existing aggregate producers, including both natural 
and manufactured aggregates; and second, the manufacture of aggre- 
gates from the dolomite rock by means of a plant set up and oper- 
ated by the Authority. The most promising of the several existing 
plants were studied, and the pertinent facts in regard to the plants 
in the immediate vicinity of Knoxville were collected. Several other 
sources were named, but many of these were eliminated from further 
consideration by high freight rates. 

The proposed quarry site offered the best possibilities because of 
proximity to the job, the. almost unlimited quantity available, and 
the known excellent quality as large aggregate. The quarry site 
chosen was just upstream from the dam on the west bank of the 
river and offered a favorable possibility of locating the primary 
crusher at the edge of the quarry, thus reducing the handling of 
quarried material to a minimum. The quality of manufactured fine 
aggregate, particularly that manufactured from dolomite, or the 
limestone family, was doubtful because of some recent observations 
of deterioration in concrete structures containing sand manufac- 
tured from limestone. As a result of this doubt, a program of inves- 
tigation was carried out. Samples of material from the outcropping 
ledges of rock at the dam site and samples from several of the exist- 
ing producers were tested. The results of these tests removed all 
doubt as to the quality of the existing dolomite as fine aggregate 
for use in concrete. 

The fact that dolomite rock was suitable for aggregate led to some 
very definite conclusions, all of which favored the use of dolomite 
rock for the production of concrete. These conclusions are summa- 
rized as follows : 

1. Only two existing producers within reasonable freight rate 
range had plant capacities and available material sufficient to pro- 
duce the quantity necessary. 

2. Neither of these producers had a plant already set up for proc- 
essing the aggregate, as desired by the Authority. The existing 
plants would have required considerable revision in order to have 
been able to produce the desired product. 

3. Transporting all aggregate to the job from an ontside source 
would practically have necessitated the construction of a railroad 

155813—40 10 
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to the site. Estimates of transportation costs indicated that, for 
movement of all aggregate from an outside source, the total cost of 
all material delivered by railroad to the job would have been approx- 
imately $570,000 cheaper than delivery by highway. 

4. Transportation of all aggregates to the job from an outside 
source would have resulted in an estimated increase in total cost of 
all materials delivered to the job of approximately $1,170,000. 

5. Estimated delivered costs of aggregates from an outside source 
by the cheapest method of transportation were $1,490 per ton for 
fine aggregate and $1,391 per ton for coarse aggregate. Estimated 
delivered costs of aggregates manufactured on the job from dolomite 
rock were 80 cents per ton for fine aggregate (actual job cost $1.01) 
and for coarse aggregate 70 cents per ton (actual job cost 49.7 cents). 

6. Close control of aggregate gradation necessary for the produc- 
tion of high quality concrete and for proper cemenc economy could 
be more easily obtained in a plant operated by the Authority. 

7. Tests indicated that aggregate produced from dolomite rock 
was superior to the natural aggregate available. 

8. Direct control of the production of the aggregate by the Authority 
was desirable for many reasons, particularly from a standpoint of 
coordinating the other phases of the construction program with aggre- 
gate production. 

It was obvious from these conclusions that the. most dependable 
aggregate supply at the lowest cost and of the highest quality could 
best be obtained by manufacturing aggregates from the rock available 
at the site. Experience proved this to be true in every respect. 

Methods. 

The general method of procedure followed in quarrying was to 
develop a quarry face running east and west parallel to the ridge along 
which the quarry was located, then to carry the face back into the hill 
by drilling and blasting. Eock usually broke at stratification planes 
so that little work in addition to normal quarry operations was needed 
to provide a relatively smooth floor on which to work. 

The first floor on which operations were undertaken was approxi- 
mately at elevation 1,065. On this floor operations followed a bedding 
plane which sloped slightly upward in the north or upstream direction, 
so that haulage from the quarry face to the primary crusher was some- 
what downhill. Above this floor drilling and blasting was done in 
30-foot benches, leaving ledges with a minimum width of 12 feet for 
safety. Approximately 1,240,000 tons of rock were quarried above this 
level. 

In quarrying below elevation 1,065, operations were carried on suc- 
cessively on two lower floors. The first lower floor varied in elevation 
between 1,019 at the east end and 1,045 at the west end. This floor 
was reached by a ramp with a maximum grade of minus 12 percent 
proceeding eastward from the primary crusher. Operation on this 
floor was started at a point midway between the primary crusher and 
the southeast corner, proceeding north to an average of 20 feet from 
the previously established face, and west 250 feet beyond the primary 
crasher.^ A space 90 feet wide was left in front of the primary crusher 
to permit maneuvering of trucks. 
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A. second lower floor varied in elevation between 980 at the east end 
and elevation 1,018 at the west end. This floor was reached by an 
extension of the ramp from the primary crusher to the first floor level. 
Operations on this level were started at the southeast corner and pro- 
ceeded to the north and west faces until no more material was needed. 

As a precaution against possible injury to the primary crusher 
caused by vibrations set up by blasting below the original quarry floor, 
the primary crusher was isolated from the surrounding area by a line 
of closely drilled holes. Isolation of the crusher area successfully pro- 
tected the crusher and permitted completion of quarry operations on the 
lower levels without reducing blasting efficiency. 

Stripping. 

Due to the steep slope of the original surface of the quarry and the 
relatively small depth of overburden, the most economical method of 
stripping this overburden was by hydraulic methods. Hydraulic 



Figure 107. — Sluicing operations. 

monitors with 2%-inch nozzles were used in this work. Water was 
supplied through 12-inch pipe by two centrifugal pumps working in 
tandem and one booster pump delivering 1,750 gallons per minute at 
nozzle pressures varying between 100 and 150 pounds per square inch. 
A total of approximately 90,000 cubic yards of overburden was removed 
by this method between January 11, 1931:, and June 23, 1931. At the 
end of the sluicing operation, the entire system was dismantled and 
salvaged. 

The material removed was washed down into the ravine leading to 
the river just upstream from the dam. In order to keep this material 
from clogging the river diversion channel and otherwise interfering 
with construction operations, a series of light timber baffles was built 
at the mouth of the gully to retard the flow and allow the overburden 
to settle out. 
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Although, sluicing was successful in removing most of the overburden, 
drilling and blasting were necessary to clear away top strata of unsound’ 
rock together with the remaining clay. The top strata were character- 
ized by the extreme irregularity of the rock surface with deep crevices 
and protruding pinnacles. The mixture of clay and unsound rock 
overlying the good rock was wasted.. These secondary stripping opera- 
tions were performed considerably in advance of the quarrying opera- 
tion in order to avoid mixing the good rock with the stripped material. 

Removal of clay without blasting was tried and used over small areas, 
but was generally more expensive. Thorough cleaning was expensive 
and often required wasting appreciable quantities of good rock; but 
the advantage of clean rock in producing concrete of high quality and 
in improving crushing, screening, and washing plant operations more 
than outweighed the extra cost. 

Quantities and a summary of costs for developing the quarry face, 
including the hydraulic stripping operation, are given in table 50. 

Table: 50 . — Quantities and costs developing quarry face 


Quantity Unit cost Amount 


Preliminary investigations 

Clearing 

Hydraulic stripping 

Excavation of weathered rock to establish working face. 
Miscellaneous expense including dismantling 


Cubic yards 


89, 258 $0. 485 

12, 682 . 281 


$2, 931. 93 
3, 679. 11 
43, 306. 16 
3, 560. 43 
1, 529. 76 


Total quarry development.. 


65, 007. 39 


Note: These costs are considered to be the plants first cost and are not to be confused with the secondary 
stripping cost of $53,675.83 which is an operating charge for the removal of 178,231 tons o f weathered rock and 
muck. 


Drilling. 

The rock in the quarry is classified as Knox dolomite and contains 
approximately 5 percent silica. It ranks above marble and sand- 
stone but below trap in toughness. Its abrasive qualities are lower 
than granite and trap but above most limestones, dolomite, slate, and 
shale. The dolomite lay in nearly horizontal strata varying from 6 
inches to 6 feet in thickness, usually separated by very thin seams 
containing negligible amounts of undesirable material. Ko notice- 
able variations in quality of rock at various elevations of the quarry 
could be noticed by visual inspection; however, the variations in 
wear in the hammer mills indicated differences in abrasiveness. 
Chemical analyses of composite aggregate samples representing 
monthly products showed some changes in silica content but very 
small changes in other constituents. Metal wear in hammer mills 
followed closely the changes in silica content of the dolomite shown 
by the chemical analyses. Uniformity of the deposits eliminated 
all necessity for selective quarrying. 

Drilling for primary blasting was dome by pneumatic wagon 
drills. There were 12 of these drills of four different makes in 
service during the period of principal activity. The blast holes 
were_ drilled on approximately 8% -by- 6-foot centers and were ap- 
proximately 30 feet deep. For the relatively small a m ount of sec- 
ondary blasting, pneumatic drills of the jackhammer type were used. 
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Compre s sed air was supplied to the quarry area from the central 
compressor plant situated about 3,000 feet away. 

Because of clay and rock being left on the benches after blasting, 
much hand mucking was necessary. In general, the mucking was 
done by a labor crew working behind the drills. 



Figure 108. — Wagon drills in operation . 


A typical drilling crew for standard forged bits with 12 drills in 
operation is given in table 51. 

Table 51 . — Typical drilling crew — 12 drills 


Crew 

Classification 

Number 

Hourly 

rate 

Total 

hourly 

earnings 

Brill sharpeners.. 

Blacksmith.. 

Blacksmith helper. 


$1.00 

.60 

$1.00 

1.20 

Drilling 

Drill operator 


.75 

0.00 

Nipping.. 

Drill helper 


.45 

5.40 

Laborer 1 


.45 

.90 

Cribbing up and moving drills. 

_ ._do 


.45 

.90 

Foreman 

Drill foreman. 


.80 

.80 

Water boy 

Laborer 

35 

.45 

.45 

19. 70 


1 Normal operation. For high quarry face as many as 6 were used. 

When quarrying was in progress above the elevation 1,065 floor, 
the quarry face approached the height of 100 feet, and there were, 
generally, three benches on which drilling and blasting were done. 
Moving the wagon drills from one location to another presented some 
difficulties since each drill weighs about 1,200 pounds. A method 
frequently employed utilized a cable running through a snatch block 
anchored at the top of the quarry face to hoist the drill, while another 
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line was used to hold the drill away from the rock face of the quarry 
Motive power was either a double drum hoist mounted on a tractor 
or two quarry trucks. 

A certain amount of cribbing was required under the wagon drills 
in order to hold them in the proper position for drilling. This work 
was performed by laborers attached to the drilling crew. 

Drill performance was observed carefully over a period of 6 
months of the heaviest drilling operation, during which time both 
forged and detachable drill bits were used. The average perform- 
ance and cost 1 of the 12 drills operating during that period are shown 
in table 52 . 

Table 52. — Drilling operations , average performance and cost , 12 drills 


Performance : 

Total possible working hours 32, 895. 5 

Total hours drill crews mucking IS, 434. 5 

Gross drill hours 14, 461. 0 

Delay — hours : 

Hung steel 522. 7 

Moving drills 2, 711. 3 

Miscellaneous 1, 028. 2 

4 262 2 

Net drilling hours 10, 198. 8 

Total linear feet drilled 305, 808. 0 

Feet per gross operating hour 21 . 1 

Feet per net operating hour 30. 0 

Tons of rock moved 949, 233. 0 

Tons per foot of hole 3. 1 

Lost footage 11, 269. 6 

Cost : 

Total operating labor $25, 058. 23 

Total repair labor $1, 055- 46 

Total repair material 2, 176. 85 

Machine time charges 60. 59 

Total repair cost 3, 292. 90 

Depreciation ‘ 1, 615. 51 

Total cost $29,966.64 

Cost per gross operating hour 2. 070 

Cost per linear foot . 098 

Cost of drilling per ton : . 0315 


In the preceding table operating labor includes wages of drill crew 
personnel when on drilling operation only, the time on mucking being 
excluded. Repair labor and material does not include any shop or 
warehouse overhead. For this purpose, depreciation was based on 
an estimated life per drill of 10,000 operating hours. 

Except for a 3 -month period in which a special field test was made 
on detachable drill bits, during which time the latter were used ex- 
clusively, all drilling was done with standard 1 14-inch round hollow 
forged drill steel in lengths of 10 feet, 20 feet, and 30 feet. The bits 
were gaged 2 y 2 inches, 2*4 inches, and 2 inches, respectively. 

A drill sharpening shop was set up about 900 feet from the center 
of the quarry face at the west end of the ravine in which the quarry 


* As determined by special studies. 
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was located. One blacksmith and two helpers were the standard 
crew who ojierated the drill sharpening shop. 

Handling the drill steel between the quarry face and the drill sharp- 
ening shop required from two to six men and a truck or team and 
wagon. This phase of work is referred to as “nipping,” and the work 
varied with the accessibility of the area in which drilling was done. 

During the period from November 1, 1934, to April 30, 1935, a com- 
parative study of the ojieration of various rock drill bits was carried 
on at the quarry. The purpose was to determine the most economical 
and satisfactory type of bit to use for drilling rock for the produc- 
tion of concrete aggregate for the dam. It was also to be used as a 
basis for making a decision as to the type of bit to use on various 
other projects of the Authority. 

Three different makes of bits furnished by individual manufac- 
turers were investigated, as well as the conventional forged bit. Be- 
cause of the very close comparative costs of drilling obtained with 
three types of detachable bits, the varying conditions under which 
each type was investigated, and the amount of experimenting done 
on each test, the justification to recommend one type as being superior 
to another was not apparent. Since these tests were made there 
undoubtedly have been improvements in all typefe, and the results 
might be different from those obtained should the test be rim at this 
date. However, from these tests one conclusion was reached : that the 
detachable bit was more economical for quarries such as the Norris 
quarry and in most locations where the transportation and nipping 
costs are an important factor. 

Blasting. 

Dynamite and electric blasting caps were used exclusively in the 
quarry blasting operations. Explosives were delivered by vendor’s 
truck to the magazine on the job as needed. Two magazines, one 
for dynamite and the other for detonators, were located on top of 
the hill on the west bank of the river about 2,000 feet downstream 
from the quarry and 600 feet downstream from the main warehouse. 
Dynamite and caps were taken from the magazines in quantities suf- 
ficient only for immediate shooting, and cartridges to be used for 
detonators" were primed in an isolated location as near the hole 
to be fired as safety would permit. Most of the holes were fired from 
110-volt, alternating-current circuit provided for that purpose. 
However, in some instances holes were fired from portable electric 
blasting machines. All accepted safety precautions for the handling 
of explosives were rigidly enforced. As a result, no fatalities and 
only one serious accident occurred in the quarry in connection with 
the use of explosives. 

Primary blasting in the quarrv was in general kept fairly light 
in order not to ran any risks of disturbing the foundation of the 
dam. The heaviest single shot used required 5,300 pounds of dyna- 
mite. The next heaviest shots were 4,300 pounds and 4,000 pounds 
respectively, and there were only a few shots using as much as 3,000 
pounds. Seismographic investigations to determine the effect of 
quarry blasting on the rock foundation of the dam gave no indica- 
tion that the shots were creating dangerous conditions. It was found 
that with the spacing of the blast holes described and with the explo- 
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sives used, the quarry rock broke up to such an extent that only a 
little secondary drilling and blasting were necessary. 

A special study of the cost of blasting material only was made for 
quarrying 1,041,899 tons of rock during 6 representative months of 
operation. The results of this special study are shown in table 53. 


Table 53 . — Quantities and costs , blasting material 



Quantity 

used 

Total cost 

Cost per ton 
of rock 
quarried 

Dynamite ... — pounds.. 

Exploders _ 

333, 950 
61, 925 

$32, 101. 87 
3, 156. 87 
838. 58 

$0,031 

.003 

.0008 

Blasting wire - - 

Total 


36, 097. 32 

.0348 




The total cost for quarry blasting supplies was $79,183.79. These 
supplies were used to blast 2,283,419 tons of rock, of which 178,231 
tons were wasted and 2,105,188 tons were usable. The rock was used 


in the following manner : 

Tons 

Delivered to primary crusher 2, 079, 772 

Used for riprap 23* 332 

Used for flood protection 2, 084 


Total *2, 105, 188 


i This quantity is useable rock only and does not include 178,231 tons of muck and 


JLoadLing. 

The quarried rock as it fell oil the quarry floor was reworked with 
jackhammers to less than 42 inches, the maximum size which could 
enter the primary crusher. This rock was then loaded for hauling 
to the primary crusher by two all-electric shovels, both of which were 
essentially the same in size and type although manufactured by two 
different companies. Table 54 lists the pertinent data concerning 
each shovel. 

Table 54 . — Data on quarry shovels 



Bucyrus 

Marion 

Manufacturer 


Marion Steam Shovel Co. 

4101, 6681. 

209,000. 

3 (spare— 3 yards). 

31. 

21.33. 

Crawler. 

Full revolving. 

75 horsepower all electric. 
None. 1 

Type and serial number 

75-B, 11595 

Shipping weight.. pounds.. 

210, 700 

General specifications: 

Dipper cubic yards. _ 

Boom feet _ 

3 (spare — yards) 

29 

Dipper handle do 

20 

Mounting 

Crawler 

Swing _ 

Full revolving 

Power rating __ 

75 horsepower all electric 

Attachments 

None 

Purchase prieef. o. b. factory 

$36,725.00 
997. 74 
*620.42 

$38,250.00 
1, 141. 51 

1 2,147.96 

Freight _ 

Assembly _ 

Total 

38,343.16 

41,539.47 



fro- Wheeler Dam to clear out the 

0rinP ^ lon assembly costs, the Marion was transported down the hill on the west bank of 

-on thIw^fbsSS OSS the riV6r being assembled, while the Bucyrus was assembled on top Jftbebill 
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From November 1933, when these shovels were first received on 
the job, until June 1934, when they were moved to the quarr 3 r , both 
shovels were used for dam foundation excavation on the east bank 
and in the east cofferdam. They were also used on other work when 
they were not needed in the quarry. This included repair work in 
connection with a cableway head tower cave-in, grading of approach 
road to the top of the dam, and dismantling of the construction 
plant. 



FlGXJRE 109 . — Shovels and trucks working in the quarry . 


The two shovels worked independently in locations widely enough 
separated to avoid interference from movement of trucks to and 
from the shovel. Each shovel was usually served by a 12-yard dump 
truck without delay as the number of trucks was sufficient to keep 
the shovels running full time. Each truck backed to the shovel to 
get its load while the shovel made a swing varying from 90° to 180°, 
As a rule, from four to five dipper loads were required to fill a truck. 
After each quarry “shot” the shovels concentrated on loading out 
of the large pile of rock, making no attempt to clean up. As the 
shovels moved into the large piles, a tractor equipped with a bull- 
dozer followed and concentrated the scattered material into con- 
venient piles for handling by the shovels. One such tractor was 
needed full time for this work. 

As much as practicable during the period when secondary strip- 
ping was in progress, one shovel concentrated on loading the stripped 
material. This method of operation eliminated the possibility of 
stripped material getting into the primary crusher and being made 
into concrete aggregate. 

Power for the operation of these shovels was supplied by a^ 2, 300- 
volt line. From the west end of the quarry, power was carried di- 
rectly to the shovels through rubber-insulated flexible cables which 
were moved about to conform to movements of the shovel. Special 
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precautions were taken to protect these cables from damage by truck, 
tractors, and the shovels themselves. 

When operations were on a basis of four 5y 2 -h.ouv shifts, 1 hour 
was taken off at noon and another at 6 p. m. for servicing equipment. 
These periods were also utilized for the heavier blasting. 

The standard shovel operating crew consisted of the following 
personnel : 

Per hour 


1 operator $1. 50 

1 oiler .75 

1 pit man . 45 


In addition, a foreman working on 8-hour shifts at $1 per hour super- 
vised both shovels. 

Performance of both shovels during the period of maximum ac- 
tivity in the quarry, June 13, 1931, to October 1, 1935, is shown in 
table 55. 


Table 55. — Performance of quarry shovels during period of maximum activity — 
June 1934 to October 1935 



Bucyrus 

Marion 

Time (hours): 

11,080 

10,720 

-2,930 


-2,743 



8,337 

1,611 

7,790 

1,550 

Delays — mechanical "idle, and miscellaneous 


Net operating time 

6,726 

1,061,040 
785, 956 
72, 774 

6,240 

916.998 

679,258 

62,894 

147.0 

Production: 

Tons 

Cubic yards, loose _ _ _ 

Loads 

Tons per net hour 

157. 8 

Cubic yards per net hour 

116. 9 

108.9 

Loads per net hour 

10. 8 

10.1 

Tons per load 

14. 6 

14.6 

Cubic yards per load - 

10.8 

10.8 



The net operating hours for both shovels for all work between 
December 1, 1933, and October 1, 1935, is summarized below : 



Bucyrus 

Marion 

Foundation excavation 

2, 141 
6,726 
469 

1,444 

6,240 

1,526 

•Quarry excavation _ 

Miscellaneous excavation 

Total (all work) 

9, 336 

9, 210 



Hauling. 

Four White and three Hug dump trucks moved 2,283,419 tons of 
rock and muck from the quarry to either the primary crusher or to 
spoil. During the first 6 months of 1934 these trucks were used to 
haul rock and muck from the dam foundation. Following this 
excavation, ‘they worked in the quarry. 
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These trucks had a 12-cubie-yard capacity and were equipped with 
Boulder Dam type dump bodies and dual telescoping hoist. They 
had tandem dual rear wheels and driving axles, providing a total of 
eight driving wheels. 



1934 1935 

Figure 110 . — Quarry operation — Quantities and costs . 

Each truck was provided with a special auxiliary transmission 
providing 12 speeds forward and 3 reverse on the Hugs, and 10 
speeds forward and 2 reverse on the Whites. The Hugs had a 
17514-inch wheel base and the Whites a 185-inch, measuring from 
the center of the front wheels to the center of the connecting tube 
between the tandem rear axles. The gross rated capacity of the 
Hug trucks was 52,000 pounds and of the Whites was 60,000 pounds. 

Both 10.50- by 24-inch, 12-ply, 5,200-pound-capacity tires requir- 
ing 75 pounds air pressure; and 10.00- by 44-inch, heavy-duty, 16-ply, 
6,000-pound-capacity tires requiring 100 pounds air pressure were 
used by these trucks. Experience proved that the added unit cost 
per tire, which was approximately 50 percent, of the 16-ply heavy- 
duty tire over the 12-ply lower pressure tire was justified under these 
circumstances of operation. 
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Very little work was necessary, other than regular clean-up, to make 
the three quarry floors suitable for truck traffic. Each floor was 
formed by a relatively smooth natural bedding plane of rock and 
sloped between 2 and 5 percent downward from northwest to south- 
east. On the main quarry floor the haul was always slightly down- 
hill to the primary crusher. The ramp to the two lower floors had 
a maximum upgrade slope to the primary crusher of about 12 per- 
cent. 

These trucks were loaded to an average of about 14.5 tons, or about 
10.8 cubic yards of loose rock. Bumping at the crusher was always 
by signal from the crusher operator. This occasionally resulted m 
some delay but was practiced consistently in order to avoid choking 
the crusher. The average time, less delays, incidental to a complete 
trip of the truck from the shovel to the crusher and return for the 
main floor, a distance of about 890 feet, was about 5.6 minutes; for 
the first lower floor, a distance of about 850 feet, the time was about 
8.0 minutes ; and for the second lower floor, a haul of an average dis- 
tance of 1,250 feet, the time was 9.4 minutes. 

Operating data showing the performance of these trucks between 
January 1, 1934, and October 20, 1935, the period of principal activity 
in the quarry, are given in table 56 : 


TxVBLk 56 . — Performance of quarry trucks during period of maximum, activity — 


January 1934 to October 1935 

Period, of activity: 

Track months operated in quarry 97 

Truck months operated in foundation, cableway cave-in, etc 33. 3 


Total 130. 3 


Possible hours of operation 69, 486 

Out of service and repairs 18,263 


Gross operating hours 51, 223 

Miscellaneous field delays 2, 789 


Net operating hours — Quarry, 33,565 ; other, 14,869 48, 434 


Production in quarry : 

Toads rock 137, 512 

Toads muck 12, 222 

Tons rock — Loads by 14.58 2,004,900 

Tons muck — Toads by 14.58 178,280 

Cubic yards solid in place — Toads by 6.5 973,200 

Cubic yards loose — Toads by 10.8 1, 617, 100 

Total loads per net operating hour 4. 46 

Fuel used : 

Gallons gasoline 131, 704 

Gallons per net operating hour 2. 72 

Quarts cylinder oil 47,132 

Quarts per net operating hour 0.975 


On the whole, both makes of trucks gave good service with a normal 
amount of repair work. During 1934 the frames directly behind the 
cabs of all trucks required strengthening. The bodies showed signs 
of weakness in the joints between the sides and bottom. As a result 
the manufacturer changed the body design to conform with job 
requirements. 
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Spare assembled units were kept at the garage to facilitate re- 
pairs. All trucks except one underwent major overhauls in the 
spring of 1935, just prior to the opening of the first lift that required 
a heavy pull up an incline road. Inasmuch as the quarry was 1*4 
miles from the garage, many minor repairs and adjustments were 
made at the quarry by mechanics sent from the garage. Fuel was 
brought to the truck while on duty by the gasoline tank truck, and 
lubrication was taken care of by roving crews of oilers. 

The quarry operating cost of these trucks as determined by a 
special study covering approximately 90 percent of their operation 
amounted to $138,910.54. The unit cost is summarized below : 

Cost per unit 


Net operating hour $3,990 

Load . 894 

Ton . 061 

Cubic yard in place . 138 

Cubic yard loose . 0S3 


Estimated depreciation, based on 10,000 net operating hours per 
truck, results in a slightly higher depreciation for the Whites — 
$0,819 per hour as compared to $0,750 for the Hugs. The operating 
costs for labor and materials are based on the following basic rates : 



Unit 

Cost 

Gasoline, average . . 

Gallon 

1 $0. 112 
.262 

Oil, average - 

do i 

Drivers __ 

Hour i 

75 

Mechanics _ 

do_ 1 

1.00 
. 60 

Mechanics’ helpers 

do 

Oilers and greasers _ _ 

do 

.45 




Operation — cost. 

The cost for quarrying 2,079,772 tons of rock is given in table 57. 


Table 57 . — Analysis of quarrying costs 


Total cost 


Preliminary work: 

Quarry development and stripping. 
Drilling and blasting: 

Drill operation: 

Labor and expense 

Repairs to drills 

Total drill operation 

Drill steel: 

First cost 

Sharpening and transporting— 

Total drill steel 

Air and power: 

Compressor and electric plants 

Blasting: 

Labor 

Explosives and accessories 

Total blasting 

Loading: 

Labor and expense— 

Hauling: 

Labor and expense 


$107,629.85 


142. 066- 07 
10, 914. 36 


10,315.78 

29,550.31 


55, 191.23 

35, 248. 99 
79, 183.79 


154, 380.25 
153,284.49 


Total cost_. 


777, 765. 12 


Cost per 
ton 


$0,052 


.068 

.005 


.005 

.014 

.027 

.017 

.038 

.074 

.074 


Total cost 
per ton 


$0,052 


.019 

.027 


.055 
.074 
. 074 
. 374 
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AGGREGATE MANUFACTURING PLANT 


Decision to produce all of the concrete aggregate from, rock found 
near the dam site was the most important in many respects of the 
several major considerations in connection with the construction of 
this project. After the decision was reached, a program of design 
and selection was inaugurated for the purpose of arriving at the 
best plan for handling the problems. 

Because quality of concrete and efficiency of its production and 
placement were largely dependent on quality of aggregates, efforts 
were concentrated on maintaining accurate control of these products. 
The crushing and original aggregate screening plant was designed to 
fulfill the needs of concrete production up to 8,000 cubic yards per 
day, which would have required somewhat more than 300 tons of 
rock to the primary crusher per hour. With concrete production 
approaching 4,000 cubic yards per day, the load on the screening plant 
had to be increased accordingly ; and as a result, screening equipment 
was overloaded and clean separation of the various sizes was ex- 
tremely difficult even under the most favorable conditions. The con- 
stant load on the screens resulted in reasonable uniformity of 
products, and this condition rather than clean operation was neces- 
sarily relied upon in proportioning concrete mixes. During wet 
weather production rates were of necessity * curtailed ; and on a few 
occasions production was suspended entirely until dry crusher feed, 
or wet feed free from quarry fines, could be obtained. 


Aggregate plant studies. 

The construction schedule provided a concreting period of approx- 
imately 18 months. On this basis it was estimated that the maximum 
concreting rate would be approximately 70,000 cubic yards per month, 
and the average rate about 56,000 cubic yards. With these estimates 
as a basis, the following fundamental design assumptions in respect 
to aggregates were made: 

Capacity : 300 tons per hour, average. 

Separation: Coarse aggregate, 4 size gradations; fine aggregate (sand), 2 size 
gradations. 


Gradation retained on. screen size : 

6-inch 

3-inch_ 

l^-inch 

%-inch 

%-indh. 

No. 4 mesh 

No. 8 

No. 14 

No. 28 

No. 48 

No. 100 

Passing No. 100 mesh . 


Percent 
— 0 
~ 23 
__ 17 

__ 12 
— 8 
__ 5 

__ 7 

__ 7 

__ 7 

— 5 

— 5 

— 4 


Storage: 30.000 tons (3 days’ supply at peak production). 

Originally two schemes for processing aggregates were proposed. 
As far as coarse aggregate production was concerned, the two 
schemes were identical. The essential difference lay in the manner of 
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producing sand or fine aggregate. Scheme 1 was based on dry 
separation throughout the plant, with a division of the sand at the 
2ST o. 14 size and the removal of excess fine material from the Xo. 14 
mesh material by air separation or screening. Scheme 2 contem- 
plated washing the sand to remove the excess fines, but did not 
provide for separation of sand into two size fractions. After con- 
sideration of the two schemes, taking into account the conditions 
under which the plant would be operated, a third scheme was sug- 
gested which in effect was identical with scheme 1 except that washing 
was substituted for dry removal of excess fines. 

The third scheme offered the greatest possibilities and with some 
modification was finally adopted. Considerations upon which this 
decision was made were based primarily upon the desire for a high- 
quality concrete. This could be obtained in scheme 3 because of the 
greater plant flexibility and closer fine aggregate control, even though 
it necessitated additional plant facilities and additional storage 
space. Although dry separation of fine sand would eliminate the 
moisture-control problem, it had the disadvantages of increasing the 
dust hazard, of probably being impossible because of the damp 
nature of weather conditions in the area, and of causing undesirable 
segregation which would partially defeat the purpose of separation 
into two sizes. • 

When the problem of general plant design had been settled, the 
problem of procurement presented itself. Two methods of procuring 
the desired plant were outstanding: First, a complete plant could 
be purchased completely installed and ready for operation. Second, 
each item of the plant designed by the Authority could be purchased 
separately and assembled into a complete plant by the Authority’s 
construction forces. In addition, each scheme presented the further 
possibility of buying either used or new equipment. As a matter of 
policy this alternative was settled favoring the purchasing of new 
equipment since the dependability of a plant composed of used 
equipment would be questionable. 

After considerable study of the two schemes of procurement, 
weighing the advantages and disadvantages of each, a decision was 
reached to invite bids: First, for a plant of the Authority’s design 
both for parts of the plant and for the entire plant installed and 
ready for operation; and second, for a plant of the manufacturer’s 
design installed and ready for operation, the Authority merely giving 
the general lay-out and the tonnage rate and gradation required. 
There were advantages favoring both the purchase of the separate 
items of the plant and of the purchase of the plant completely in- 
vStalled and ready for operation. This being the case, it was decided 
that the price consideration and dependability should govern the final 
decision as to the method of procurement. 

Five bids were received for a complete plant furnished and erected 
by the bidder. These bids ranged from $346,800 to $236,450. After 
making the adjustments necessary to bring the bids to a comparable 
basis, which involved eliminating the proposed sand plant and elimi- 
nating bids which were too high for consideration, the bids ranged 
from a high of $268,992 to a low of $260,467. In a study of these 
bids after the comparisons were made, the high bid of $268,992 was 
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selected as the best value for a complete plant erected in place and 
ready to operate. However, it was estimated that on the basis of 
the Authority’s purchasing the separate items and equipment and 
erecting the plant, the cost of these same facilities would be reduced 
to $229,000. This plant was comparable in every way to the plant 
offered by the acceptable bidder except that storage facilities would 
be reduced from 40,000 tons to 30,000 tons. The difference of $40,000 
in price was estimated to be considerably more than necessary to 
provide the additional storage. This comparison of costs, when 
combined with the advantages favoring buying separate items and 
erecting the plant by the Authority’s construction forces, was the de- 
ciding factor in determining the method of procurement to be used. 



- 4+8 - 4+8 


CONE CRUSHER HAMMER MILL 

A- Aggregate passed by # 4 screen 
and retained on' #8 screen 

Scale 0 ,1 2 Inches 

• 1 . i ■ i ' LU-I ; I ' ■ 


Figure 111. — Comparison of hammer mill and cone crusher products. 

The design and selection of the sand plant involved considerable 
inquiries as to the type of crushers, arrangement and type of screens 
and conveyors, and type of wet classifier that would produce the 
desired product. It was evident from the beginning that particle 
shape, gradation, and the ability to control gradation would be the 
factors which would have the greatest effect on the quality of concrete 
produced and cement required. A program of investigation was 
inaugurated to supplement the work that had already been done, in 
which a number of plants were observed to determine what particle 
shape and gradation could be expected from several types of crushers 
under consideration when crushing dolomite. In addition, samples 
of dolomite were sent to several manufacturers of crushing equipment 
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who crushed the material in the type of crusher which they proposed 
to furnish. Samples were obtained from four hammer mills, a gyra- 
tory crusher, a cone crusher, a roll crusher, and a rod mill- Samples 
of the products from each of these mills were obtained for studies 
of particle shapes and general characteristics. A more complete 
statement of these tests is given in appendix E. These tests produced 
two striking conclusions: Eirst, the shape of the gradation curve 
from all the machines was very similar ; and second, the particle shapes 
from the several types of machines varied greatly, with the rolls 
producing an elongated, or splinter-shaped particle^ and the hammer 
mills producing a product approaching a cube in shape, with products 
of the other machines somewhere between the two. The first of these 
conclusions indicated very definitely that selective screening and 
washing to get rid of some of the minus 100-mesh material would be 
necessary. The second of these conclusions resulted in the elimina- 
tion from further consideration of all the machines except the 
hammer mills and cone crushers. Trom further testing these two 
types, the hammer mills were selected as producing the best fine 
aggregate. The two principal reasons for the selection of hammer 
mills were that a cement saving of from 4 to 5 percent was indicated 
if the hammer mills were used, and that the difference in initial cost 
of the two types of machines favored the use of hammer mills. 

The aggregate manufacturing plant, for purposes of administra- 
tion and discussion, has been divided into, first, the crushing and 
screening plant consisting of crushers and screens necessary to pro- 
duce coarse aggregate (material retained on a %-inch square mesh 
screen) ; and, second, the sand plant consisting of hammer mills, 
screens, and washers necessary for producing fine aggregate or sand. 

Coarse aggregate manufacturing plant. 

Quarried rock was delivered to the primary crusher where it was 
crushed to pass a 6% -inch opening — the maximum opening of the 
crusher. A small surge bin beneath the crusher received the crushed 
material and by means of a vibrating feeder distributed it on a 
36-inch conveyor belt that carried the rock to a scalping screen above 
the secondary crusher. This screen had an upper deck with 7y 2 -inch 
openings and a lower one with 314 -inch openings. All material 
which was retained on the top deck was passedf through the secondary 
crusher along with any desired proportion of that retained on the 
lower deck; the remainder of the rock was passed by stone ladders 
to the 30-inch conveyor belt leading to the screening structure. 

A magnet located near the end of the first conveyor removed any 
tramp iron that came from the quarry or primary crusher to prevent 
damage to the cone crusher. Eater on, this was supplemented by 
two fixed electro-magnets at the sand transfer bins. 

Material from the secondary crusher was carried to the screening 
structure by the same belt which carried the material that bypassed 
this crusher. When this material reached the screening structure, 
it was picked up by a short belt that delivered it to the 3-inch opening 
cobble screen. ‘Rock retained on this screen was dropped to a storage 
pile and that which passed went by belt to a pair of 1%-incli screens 
operating in parallel. Any portion of the material retained on this 

155813 — 40 17 
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pair of screens or the two pairs following could be diverted to the 
hammer mill feed collecting conveyor. The next screens in line were 
%-inch mesh or medium rock screens, and they were followed by the 
fine rock screens with an opening of % inch. 

The structural steel screening structure was built above a reinforced 
concrete tunnel. Gates were provided in the roof for reclaiming 
each of four sizes of rock and two sizes of sand. All stored rock 
was dropped to the storage piles from their respective screens. Vary- 
ing needs for different "sizes of stone necessitated control of the 
amount of each size produced. This control was exercised for cobbles 
by varying the amount sent around the secondary crusher from the 
scalping screen and for the other three sizes by the amount taken 
for hammer mill feed. Figure 113 shows the equipment used in the 
plant and the percentage of the total aggregate handled by each unit. 



COARSE AGGREGATE PLANT 

Figure 112 . — Flow of coarse aggregate through the plant. 


This plant, ready to run, originally cost $156,125.06. Table 58 
summarizes the first cost of major units and their installation cost. 


Tabue 58 . — First cost and installation cost of major parts of the coarse aggregate plant 


Equipment cost : 1 

Crushers $47, 834. 78 

Conveyors 26, 550. 67 • 

Screens 9, 177. 88 

Feeders 1, 311. 92 

Stone ladder, chutes, and signal system 1, 688. 65 

Steel screening structure 12, 816. 98 

$99, 380. 88 

InstaUation cost: 1 

Primary crusher 20, 905. 66 

Secondary crusher 8, 860. 01 

Conveyor and screens 26, 978. 51 

56, 744. 18 


Total equipment and installation costs 156, 125. 06 


* Costs are for equipment as installed as of February 1, 1935, without additions or better- 
ments installed at later dates. 
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j IGO Percent 

X 


Primary Crusher {42* Atlis-Chaimers Superior Mfc&uily Gyratory) 
x 


Surge Bin (steel lined wooden bin -effective cap I6j cubic yards) | 

I 


i Feeder {36" x 66" heavy duty Jeffrey -Tray tor vibreting feeder) 

I 

| Inclined Belt Conveyor -Cl* (36* wide , 329 ft tong , 15* inclination) 

. .... '1 I 




- J 

k 


j + Upper Deck 
[ l5Voj(C5t)~~] 


Deck \ 


I - Lower Deck 




5j ft Symons Cone Crusher j 


T 


j Stone Ladder j 


Inclined Belt Conveyor - C2 { 3Q* 1 wide , 3S6 1 tong, 17° inclination) | 


_CT 

17 % { 


Inclined Belt Conveyor - C2a (30“ wide, 512* long) 

| 4* x 14 1 Niagara Screen (3^ opening) j 
— 


i i 


Inclined Belt Conveyor * C3 (24" wide , 83' long ) 


X 


4' x 8 1 S A Screen { t — -g," opening) 

X 


4* x &' Kennedy-Van Saun Screen (l-g* opening) 


X 


27% { 




12% to Coarse 
Rock Storage 


17% to 
Cobble 
Storage 


15% to Hammer 
Mills 


| Inclined Belt Conveyor -C4 (20“ wide, 90.1' long) | 

X 


| 5'x8‘ S A Screen (g " opening j| 

| 4* ni' Kennedy-Van Saun Screen (j' opening) j 

9 1 - - V 

2S% | | 2B % [ 


Via Collecting 
Conveyor-Cb- only 


(4*4 to med 


14% to 


rock storage 


Hammer Mills 



Inclined Belt Conveyor 
C5 (IB* wide , 90.7* long) 



2-4* x 10* Symons 
l Screens ( j" opening) | 




1 



¥ S V 

15% F rock I 
to storage ( 

___ 

^s!uS3Cm3| 



T 


56%-Tunnel Belt Conveyor- CI6 ( 30" wide , 631' tong) 

X 


Collecting Conveyor - C6 C IB" wide ,221’ long ) H 
Auxiliary Collecting Conveyor -C6a (IB" wide .14-5* tong) 

I 


f Inclined Belt Conveyor to Mixer Plant (30* wide. 240 1 long. 17* tndmatiorj] | 42% to 30" x 100* Conveyor -C7*To Hammer Mill Surge tun [ 

Figure 113. — Coarse aggregate flow sheet. 
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The personnel and rates of pay for a normal crew needed to operate 
tliis plant are given below : 


i._ 

i._ 

i._ 

3.. 

4-5, 


Number 


Classification 


Rate per 
hour 


Foreman 

Hoist operator at primary crusher , 

Carpenter (1 shift per day) 

Mechanics’ helpers - 

Laborers - — 


$1.00 

1.00 

1.00 

.75 

.45 


Performance . — All of the aggregate used in more than 1,000,000 
cubic yards of concrete and for certain other miscellaneous work, such 
as rock for roads, was produced by this plant. Production began in 
June 1931 and continued into the early part of 1936. The total amounts 
of aggregate produced and the approximate percentage of each are 
shown in table 59. 

Table 59. — Total aggregate produced 



Tons 

Percent 
each size 
in concrete 

Percent 
of rock 
produced 


349, 639 

30. 8 

16.8 


231, 106 
268, 082 

20.4 

11.1 


23. 6 

12.9 

Fine rock 

286, 626 

25.2 

13.8 


Total (dam, concrete)- - - - - 

1,135, 453 
| 02, 843 

873, 363 
8,113 

100.0 

54.6 

Hoads and other facilities. 

3.0 

Sand plant (dam concrete) 


42.0 

Waste (dirty fine rock) - _ _ - 


.4 



Total rock crushed. 

2, 079, 772 


100.0 




Plant production averaged 287 tons of rock per net operating 
hour. Only approximately 7 y 2 percent of the shift time was lost 
due to shut-down and 4 percent lost because of intermittent feeding 
that caused the equipment to operate with no load. During February 
1935, the peak month, the plant averaged 3'50 tons per loaded hour ; 
and this may be considered as the capacity of the plant for sustained 
operation. The primary crusher, however, was rated at 615 tons per 
hour. 

As previously mentioned, the coarse aggregate was carried to four 
piles over a reclaiming tunnel. The estimated amount of each size 
in storage under average conditions was: 


Material 

Percent of 
gross storage 

Average gross 
storage 

Live storage 

Finerock 

12 

Tons 
7,800 
19, 500 
22, 800 
15,000 

Tons 

1,760 
4, 850 
5,690 

Medium rock .. 

30 

Coarse rock j 

35 

Cobbles - _ 

23 

3,700 



Total 


100 

65, 100 

16,000 

1 
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Due^ to inequalities of production, the storage piles were not built 
up uniformly, and the fine rock storage became the limiting factor. 
The amount of material shown in the preceding tabulation as live 
storage, except in the case of the fine aggregate, could be increased 
by pushing the rock into the crater caused by withdrawal. The fine 
rock segregated and the material on the side of the pile was not 
suitable for use in concrete. A 2-day break-down in June 1935 pro- 
vided a good check on the live storage, and 1,757 tons of fine rock 
were used before the available supply was exhausted. 

Cost of operation . — The cost of quarrying rock and delivering it 
to the crusher was $0,374 per ton. These costs were divided into 
five divisions as shown in figure 110. 




Figure 114 . — Coarse aggregate production — Quantities and costs. 


To crush, screen, and deliver the stone to storage or to the ham- 
mer mills cost $0,123 per ton, giving a total cost of stored rock of 
$0,497 per ton. A special study showed that practically 20 percent 
of the cost of crushing and screening the rock was repair cost; 25 
percent, operating labor; 6 percent, power, oil, and grease; and 49 
percent, depreciation of plant equipment. Details of crushing and 
screening costs based on 2,071,659 tons are shown in table 60. 
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Table 60. — Analysis of crushing and screening costs 


Total cost 


Operation: 

Labor 

Power, oil, grease, waste rock. 


$61, 9X3. 18 
i 19, 447. 82 


Repairs: 

Primary crusher 

Secondary crusher 

Conveyors and chutes 
Sereens 


15, 746. 91 
9, 888. 34 
12, 934. 00 
1 1, 938. 05 


Depreciation: 

Crushing and screening plant - - 

Total (crushing and screening plant) 

Quarrying rock, less dirty fine rock (see fig. 110) 

Total (coarse aggregate stored and delivered to hammer mills 2 )._ 


122, 756. 61 


254, 623. 91 
774, 874. 29 


1, 029, 498. 20 


Cost per 
ton 


.$0. 030 
.009 


.008 

.005 

.006 

.006 


Total cost 
per ton 


$0. 039 


.025 

.059 


.123 

.374 


1 Includes $3,034.26 for 8,113 tons of fine rock which was too dirty for use in concrete. This money was 
deducted from total cost of rock from quarry. 

2 Total cost of 873,363 tons of rock delivered to hammer mills is $432,161.01. 


Changes in installation . — Probably the most general change required 
throughout the plant was in the size of the screen cloth opening. In 
general, the openings in the screens originally installed were too small 
to make the separations of rock desired. The material very near to 
the size of the screen opening tended to pass over the screen. During 
the period when the quarry was being stripped, considerable clay was 
mixed in with the rock. This clay caused blinding of the lower deck 
fine-rock screens in wet weather. This continued intermittently until 
quarrying on the main floor was completed. The initial and final 
set-up of the screen cloth openings, but not the intermediate sizes used 
to arrive at the satisfactory arrangement, are shown below : 


Screens 

Size of rock 
desired, 
inches 

Initial screen, 
installation, 
inches 

Final screen 
installation, 
inches 

Scalping: 

Top deck 

+3 

+3 

+4 mesh i 

6 

7 H 

3 U 

Lower deck... 

3 

Gobble _ __ 

3 

H 


Coarseroek 

114 

Medium rock. 

y s 

Pine rock _ , 

H 

1 


Almost at the beginning of the plant operations, it was apparent 
that one screen each would not handle the coarse rock or the medium 
rock without overloading and poor screening. On September 1, 1934, 
an additional screen was installed for each of these sizes. 

The heavy loads on the Stephens-Adamson fine rock screens caused 
excessive breaking of .the stabilizer rods. When the capacity of the 
sand plant was increased, these two screens were moved to the sand 
plant where the loads were lighter, and were replaced with two 
4- by 10-foot Symons horizontal two-deck screens that proved satis- 
factory for this work. 

When the production of mass concrete was at its height, a bypass 
placed between the cobble and coarse rock screens directed a portion 
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of the material to the conveyors of the hammer mill feed. This 
arrangement relieved the coarse and medium screens from having to 
screen material that was to be crushed into sand when the demand for 
their sizes was the greatest. Use of this bypass was continued for 
about 5 months. 

The vibrating feeder below the primary crusher was efficient but 
required frequent replacement of plates. These % e -inch plates 
were replaced with %-inch ones once, but the vibration was so damp- 
ened that this size plate could not be used. 

A ratchet and pawl stop was designed for use on the 36-inch con- 
veyor from the primary to the secondary crusher to prevent the 
conveyor from running backward if it had to be stopped while 
loaded. The pawl missed several notches and then caught, stopping 
the belt so suddenly that the impact bent the head pulley shaft and 
damaged the magnetic pulley so badly it was removed and replaced 
with a steel-head pulley and a lifting magnet. The new shaft which 
was put in was bent when a similar slipping occurred. A job-built 
hold-back arrangement for checking baekslips was then installed and 
the ratchet and pawl discarded. 

Several conveyor changes were made to take care of the increased 
capacity of the sand plant when additional hammer mills were 
installed. 

Repairs . — In addition to the repairs and changes made in the device 
to prevent backslipping of the conveyor belt to secondary crusher, 
there was only one major repair to the coarse aggregate crushing and 
screening plant equipment. 

In J anuary 1935 the primary crusher choked, and as a result, a ring 
on the spider that served to hold in position the thrust ring at the top 
of the main shaft was broken. This permitted the shaft to lift up- 
ward and allow dust and rock chips to drop down into the eccentric 
and so damage the babbitt that it was necessary to replace the 
eccentric. 

A machined ring was welded in the spider, and the tap bolts were 
extended into the old casting. Two days were required for the repair. 
A steel spider was ordered for the crusher, but no further trouble 
developed and it was never used. The eccentric that was removed 
was rebabbitted and placed in stock. 

The carbon steel diaphragm wearing plates had to be replaced 
often and were finally replaced with manganese steel plates. This 
reduced the frequency of the change. No accurate account was kept 
of how much work was done before a set of plates was worn out, 
but the operating forces estimate that the manganese steel lasted 
about twice as long as the carbon steel. Oil was changed in the 
primary crusher every 4 or 5 months, and the oil pump was over- 
hauled once. 

Numerous spare parts were held in stock for this crusher, as this 
piece of equipment was a vital part of the crushing plant. 

No parts were replaced on the secondary crusher. It was dis- 
mantled once for cleaning and inspecting and was adjusted from time 
to time as the size of the feed was changed. Oil was changed about 
every 5 months, and the oil pump was removed once for cleaning. 

Because of the heavy work done by the scalping screens, replace- 
ment of screen cloth was frequent during the first part ot produc- 
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tion but was reduced by the use of skid bars oyer the screening. 
Parts causing most repairs were the transverse springs and hook-bolt 
outfit. 

All chutes were made on the job and in most cases required fre- 
quent relining ; where it was possible, stone boxes were built instead 
of the straight type chute to lessen wear. 

All minor servicing of the belt was done by the operating crews, 
and no belt was replaced although several were worn badly. 

Sand plant. 

Sand plant feed from the coarse aggregate screening plant, for 
the first two hammer mills installed, was < received in surge bins 
equipped with magnetic feeders, which maintained constant supply 



Figure JL15 . — Sand plant. 


to the hammer mills. The additional two hammer mills which were 
installed some time later were fed by belt conveyor. A lifting mag- 
net was placed at the feeders to remove stray particles of metal. 
Surge bin capacity was sufficient to care for all normal fluctuations 
and feed. 

Hammer mill installation consisted of four units. Two of these 
were 42- by 48-inch Allis-Chahners 4A pulverizers operating at 900 
revolutions per minute, _ and were included in the original plant 
installation. Two additional hammer mills, 42- by 4:7 -inch Penn- 
sylvania S RX 100 Ajax, also operating at 900 revolutions per min- 
ute, were later installed for increased sand production and to provide 
a spare mill for emergency use. Two of the four were originally 
equipped with slugger-type hammers and had adjustable lower 
breaker plate and adjustable grate bars spaced at 2 inches. Feed 
was introduced from the top along the vertical center line of the 
mill. The other two units were equipped with stirrup hammers and 
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had fixed breaker plates and fixed grate bars spaced at 1*4 inches. 
Feed was introduced on the up-running side of the mill through, 
a gravity chute in a line intersecting the center line of mill and at 
about a 45° slope. Effective inside dimensions were essentially the 
same for both mills ; that is, 4 feet long by 42-inch. diameter hammer 
circle. Each mill was direct connected "to a 250-horsepower, 880- 
revolution-per-minute slip-ring induction motor. During the last 
few months of operations, stirrup-type hammers were used in both 
types of mills. 

_ The hammer mills were operated in a closed circuit with six 
vibrating screens. All of the oversize from top deck (plus y± -inch) 
was returned to the hammer mills for further crushing. Over- 
size from lower deck (plus 8-mesh) or coarse sand could he either 
returned to hammer mills together with plus i4“i nc k * material or 



Figure 116 . — Flow ofjine aggregate through, plant. 

sent to coarse-sand storage. Normally, it was estimated that about 
40 percent was returned to tbe mills. Circulating loads varied from 
a minimum of about 25 percent to a maximum of about 100 percent 
(based on net output), and averaged about 50 percent. The circu- 
lating load passed a 1-inch square hole. _ Variations in circulating 
load were due to variations in the condition of hammers, breaker 
plates, grate bars, and to some extent to variations in screening effi- 
ciency. Since screening was done dry, 8-mesh separation was con- 
siderably affected by moisture during rainy weather. The minus 
8-mesh material went to washers, where the excess fines were 
removed. 

Initial sand production was low and metal wear high, and a large 
amount of experimental work was necessary to develop the desira- 
ble operating characteristics later found possible with this equip- 
ment. The effect of type and number of hammers, grate bar spacing, 
and other factors governing sand production was studied in detail. 
A summary of these studies is given in appendix E. Final results 
were very satisfactory, and there was no doubt that the use of the 
hammer mills for making sand had been justified from either the 
point of quality or of cost- 
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Four of the six double-deck vibrating screens in the sand plant 
were 4- by 10-foot Allis- Chalmers “Aero- Vibe” motor-driven vi- 
brating screens, and two were 47- by 86-inch Jeffrey-Traylor mag- 
netic vibrating screens. Since cleaner screening was obtained by the 
magnetic screens, all of the coarse sand from these screens was 
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Pigxjre 117 . — Fine aggregate flow. 

stock-piled for use in concrete ; and as much as possible of the coarse 
sand from the motor-driven screens was returned to the hammer 
mills. Screen cloth with approximately 0.09-inch opening was 
used on all lower decks. “Ton cap” cloth with the long opening 
at right angles to material flow was used on the motor-driven screen, 
and “ty-rod” cloth with the long opening parallel to material flow 
was used on the magnetic screen. Hammer-mill product could be 
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screened satisfactorily by sueli slotted cloth since the percentage 
of thin elongated particles was' small. Three-eighths- and seven- 
sixteenths-inch square opening cloth was used on the top decks of the 
magnetic screens; and 14- or % 6 -inch square opening cloth was 
used 011 top decks of the motor-driven screens. A 14 -inch square 
opening would have been desirable for all top deck screens, but 
screening capacity of the lower decks limited opening sizes of top 
decks. The deficiency in 4-mesh to %-inch size, which may be noted 
on the combined aggregate^ grading curves (fig. 182), was due 
to the compromise in cloth size between fine rock screens (Symons) 
and the top decks of the sand plant screens. 



Figure 118 . — Sand washing plant. 


Two sand washers, one 12-foot Dorrco and one 15-foot Link-Belt 
Rotoscoop, washed and dewatered the fine sand, removing excess 
fine rock and the small amounts of clay which were present. The 
original installation included only the Rotoscoop, but unsatisfactory 
initial operation and low capacity of this machine made the addi- 
tion of a second washer imperative. 

An excess of water was required to transport washer feed from 
the screens to the washers; and as a result, the final product was 
often overwashed, and screen analyses of the finished fine sand were 
erratic. In order to control definitely the “fines” (minus 100-mesh 
material), a “fines 55 reclaimer^ was installed. This apparatus, con- 
structed on the job, was essentially a wooden tank built in the shape 
of an inverted pyramid with overflow weirs along the four edges 
and an outlet at the apex. Overflow from the sand washer was 
i*eeeived in the center of the reclaiming tank, which was baffled to 
decrease turbulence. A Wilfley sand pump took water and solids 
from the apex of the pyramid (bottom of tank) and discharged them 
into the trough carrying washer feed to the sand washers. In opera- 


•iU JL 


tion, tlie larger particles settled more rapidly and made their way 
to the sand pump suction while the light particles were overflowed 
with the waste water. Adjustments in quantities of water used in 
overflow levels and weir lengths controlled within close limits the 
amount of 100-mesh material retained in the fine sand without ap- 
preciably increasing the quantity of extremely fine particles (minus 
325-mesh) . 

During the latter part of the job, waste water from the reclaimer 
was piped to a settling pond where reclaiming fines were settled 
out for use in foundation grouting and as agricultural limestone. 

First cost of the major units of this sand plant and the installa- 
tion costs as determined by a special analysis are summarized in 
table 61. 


Table 61 . — First cost and installation cost of major parts of the sand plant 


Kq’uipment Cost: 

Hammer mills and’ housing 

Conveyors.,. 1 

Stackers 

Screens 

Classifiers : 

Settling tank 

Lifting magnets 

Signal equipment 

Miscellaneous 

Installation Cost : 1 

Hammer mills and housing 

Conveyors, screens, structures 

Sand classifiers and settling tank. 
General expense — 


$44, 630. 51 
12, 766. 63 

3, 309. 15 

4, 639. 21 
6, 619. 07 
1, 923. 69 
2, 463. 31 

79. 90 
422. 96 

$76, 854. 43 

25, 915. 45 
20, 035. 80 
10, 048. 26 
586. 67 

56, 586. 18 


Total equipment and installation cost $133, 440. 61 

1 These costs do not include additions and betterments after operation. 


The normal operation crew for the plant and the rate of pay per 
hour for each classification were : 


Number 

Classification 

Rate of pay 
per hour 

Total cost 
per hour 

1 


$1.00 

1.00 

$1.00 
i 1.00 

i_ : 

Mechanic 

i 

Carpenter 

1. 00 

1.00 

i 

Electrician. 

1. 00 

1.00 

2 

Mechanic’s helpers _ . . _ 

.75 

1. 50 

i 

Pump operator 

.75 

.75 

i 

Oiler 

.60 

.60 

4 

Laborers 

.45 

1. 80 


Total for crew 

8.65 


A mechanic, a carpenter, and two laborers, costing $2.90 per hour, 
were charged to repairs ; and the remaining members of the crew, cost- 
ing $5.75 per hour, were charged to operations. 

Perforrrwmce . — The total gross feed to the hammer mills during the 
period between July 1934: and January 1936, the period of maximum 
operation, was 864,714 tons, while the sand produced in this period was 
732,430 tons, showing a loss of 15.3 percent of hammer-mill feed. The 
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major portion of this loss was “fines” washed away in the overflow 
water, of which 23,000 tons were reclaimed. The average for the 
period was 121 tons per net operating hour. In March 1935 the high- 
est hourly production rate of 147 tons per net operating hour was 
reached. The rate for March was about the maximum amount that 
could be produced by this plant. Net operating time was about 6.5 
percent less than the total shift or gross hours. The sand plant was 




1934 1935 

Figure 119 . — Sand plant operation — Quantities and costs. 
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operated intermittently after January 1936 until May 1, 1936. Dur- 
ing this period 7,594 tons of sand were produced, and 1,055 tons of 
fines were removed by the washer. 

Samples for screen analyses were taken for control at least once a 
day, and average screen analyses representing at least 30 samples were 
calculated at the end of every month. All hammers were accurately 
weighed before and after being used. Tonnages were prorated to the 
various mills and in turn to hammers, liners, and grate bars on a 
power-consumption basis. The average load on each motor was cal- 
culated from recording ammeter charts for every 24-hour period, and 
horsepower-hours obtained by multiplying by the net operating hours. 
Recording ammeter charts also served to keep an exact record of net 
operating time of each mill and the net operating time that each set 
of hammers or other wearing parts remained in the mills. At the end 
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of every month, the tonnage produced was estimated from tonnages 
going through the weighing batchers at the mixer plant. An adjust- 
ment was made for either a gain or loss in storage. Since under 
normal conditions this gain or loss constituted a small percentage of 
the total production, any error that may have been made in estimating 
would be negligible when applied on the total tonnage for the month. 
The error on periods longer than 1 month would be smaller. From 
the tonnage figure and the total horsepower-hours for the month, the 
tonnage per horsepower-hour was calculated. This factor was used in 
distributing the tonnage to the mills and to the various kinds of 
hammers used. 

An 85 -foot long radial stacker, with a 22-inch belt, distributed the 
washed fine sand m a long storage pile over a section of the reinforced 
concrete tunnel through which sand was reclaimed. The distribution 
of the fine sand over the long storage pile permitted it to drain, so 
the materials delivered to the mixing plant had a relatively low 
moisture content. In order to get sand with low moisture content, 
removal of sand storage was usually done as far away from the stacker 
as possible. This resulted in the live storage of fine sand being about 
half full. The approximate sand storage under average conditions 
was: 


Total storage capacity. 
Possible live storage. 
Amount in live storage 


Coarse 


7,800 
2, 700 
1,700 


Fine 


24,000 

8,000 

4,000 


Lowest draw-down of coarse sand occurred when repairs were 
made to the head pulley of conveyor belt No. 1; at this time 1,440 
tons were used without exhausting the live storage. 

Cost of operation . — Unit cost of sand produced is based on an 
amount of 740,024 tons (includes 501 tons in unused concrete) from 
873,363 tons of rock sent to the hammer mills. Hammer mill feed 
costs $0,497 per ton ; but when computed on the basis of sand pro- 
duced, becomes $0,584 per ton because 15.3 percent of the gross feed 
to the mills was washed out by the sand classifiers. An analysis of 
the fine aggregate costs is given in table 62. 


Table 62 . — Analysis of fine aggregate costs 



Total cost 

! Cost per 
i ton 

Total cost 
per ton 

Operation: 

Labor. 

$46, 224. 09 
38,016. 03 

$0. 063 
.051 


Expense (power, oil, etc.) 



$0. 114 

[Repairs and replacements: 

Hammer mills K 

76, 612. 95 
7, 991. 67 

. 103 

Classifiers _ _ _ _ _ 

. on 


Conveyors _ _ 

18, 463. 22 

.026 


Screens _ . _ 

14, 676. 39 

.020 



.169 
. 164 

Depredation . .... 

113, 623. 88 

432, 161. 01 


Hammer mill feed: 

873,363 tons @ $0.497 


.584 



Total cost _ 

747, 668. 14 


1.011 




1 Includes repair costs to chutes and liners. 
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Installation of the reclaimer previously described provided a sav- 
ing in cost of concrete in three -ways : 

1* Percentage of sand produced in relation to hammer mill feed 
was increased (saving $9,948). 

2. Amount of sand produced in relation to total aggregate used 
in concrete mixers was reduced (saving $8,573). 

3. Cement content per cubic yard was cut (saving $23,921). Sav- 
ings shown here are for a period from April 1, 1935, to December 
31, 1935. 

The reclaimer was made on the job, and no exact cost was avail- 
able. The cost used below is an estimate by job forces: 


Cost of reclaimer (estimate) $ 5 , 000 

Power 216 

Pump operator 2, 025 

Miscellaneous inspection, etc 1 Q 0 


Total — Installation of operations 7, 341 

Gross savings 42, 442 


Net savings 35, 101 


Changes in installation . — A number of changes were made in the 
plant and several experiments in the manner of operation were 
made. The majority of the changes were made at the time of and 
as a result of the installation of the second two hammer mills. 

Clay from the quarry caused excessive blindings of the screen in 
the sand plant during wet weather. In an attempt to remedy this, 
wet screening was tried for 3 days in February 1935. Perforated 
pipes with hoods over them were installed to spray water upon the 
upper decks of the screen. The lower decks received water from the 
upper ones. This manner of screening was not satisfactory and was 
abandoned because: 

1. The excess of water necessary to operate the screens provided 
so much water for the sand washers that overwashing resulted. 

2. Wet circulating load with the wet materials from the fine rock 
screens caused excessive wear in the hammer mills. 

3. Additional water in coarse sand and fine rock made it very 
difficult to control water-cement ratio for the concrete. 

4. Mud and water freezing up in conveyors made their operation 
difficult. 

To increase the capacity of the 15-foot Link-Belt Rotoscoop washer 
a new rotor with three blades instead of six and of a slightly smaller 
diameter was installed. Even with these changes the resulting ca- 
pacity of 75 tons per hour was not sufficient to care for job needs. 

To remedy this deficiency, a 12-foot Dorrco sand washer was in- 
stalled. The machine was free from repair troubles, but because of 
the turbulence of the washer and the smaller settling area too many 
of the fines' were washed from the sand. A slow-speed socket that 
reduced the rotor speed from 2 to 1% revolutions per minute was 
installed to cut down the turbulence, and an auxiliary discharge 
trough was welded on so the discharge weir could be moved back 
and the settling^ area increased. 

Material passing the lower 8-mesh deck of the fine-rock screen dur- 
ing 5 months of production was piped directly to the washers through 
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a bypass from the. coarse aggregate screening structure. This rela- 
tively coarse material placed in^ the washers ^ tended to accentuate 
the coarseness of the sand, and its use was discontinued after that 
trial period. 

To care for the load on the screens when the crushing capacity was 
increased, two screens were added to the four already installed. The 
two Stephens-Adamson 5- by 8-foot vibrating screens that were 
originally installed as the fine-rock screens were moved to the sand 
plant. They were rebuilt from single to double deck screens but 
never gave satisfactory service because of broken bearings, sheared 
oil pipes, and stabilizer breakage. No satisfactory method of fasten- 
ing the screen cloth was provided when the screens were rebuilt and 
excessive wear resulted in high cost for this item. After about 5 
months of service these screens were discarded, and Jeffrey-Traylor 
magnetic vibrating screens were installed in their place. These 
proved to be the most satisfactory screens used for the sand plant 
because of their low maintenance cost and because of their more 
efficient separation of both dry and moist material. 'Beyond a cer- 
tain amount of moisture, however, these screens would blind as badly 
as the other makes. 

The reclaimer was installed to improve the quality of sand and 
reduce waste. Original installation provided a centrifugal pump 
that soon wore out because of the abrasiveness of the particles and 
the resultant wear upon the impeller. When a 6-inch Wilfley sand 
pump was installed, operation of the unit was satisfactory. 

Experiments indicated the possibility of using rock flour for foun- 
dation grouting. For this use and its use as agricultural lime, a 
pipe was installed from the end of the reclaimer discharge pipe to 
the upper end of the ravine between the primary and secondary 
crushers. Here a bulkhead was built to form a settling basin for 
the very fine material carried by this waste water. From June until 
November 1935 about 23,000 tons of material were reclaimed at a 
cost of $8*657. 

Repairs . — The sand plant was remarkably free from recurrent and 
expensive repairs. Except for the Stephens-Adamson screens that 
were finally discarded, very little screen repair work was necessary. 
One bearing was replaced on one of the Allis- Chalmers screens. 

No repairs were necessary on the Link-Belt washer, and the only 
repair necessary on the Dorrco machine was made to a broken cast 
steel spider — the result of attempting to start the machine under a load. 
The break was ^welded and a steel plate was bolted under the center of 
the rotating spider. This type of repair proved so satisfactory that a 
new spider was never installed. 

With the exception of the hammer mill replacements and, perhaps, 
chute repairs, the most frequently recurring replacements were screen 
cloth. With the introduction of a different type cloth, and taking full 
advantage of the facilities for tightening the cloth used, this cost was 
cut considerably. The production of each screen cloth usually varied 
between 30,000 and 10,000 tons. Normally each screen handled one- 
sixth of the hammer mill products delivered to the screening plant, an 
average of 31 tons per hour. 



CONSTRUCTION PLANT 


257 


Control and signal equipment. 

All of the main parts of the aggregate manufacturing plant were 
controlled by manually operated equipment. All motors driving 
screens and conveyors of the coarse and fine aggregate screening plants 
were controlled by fusible magnetic switches from start-stop push-but- 
ton transfer switch stations arranged for either group or individual 
operation. 

The signal equipment consisted of lights and howlers which were 
actuated by a system of relays interlocked with the control equipment 
of the plant. The signal system power was supplied through 440/110- 
volt auto-transformers which received power from the same source as 
did the motors and controls. 

The electrical equipment was divided into four groups for purposes 
of control and signalling. The divisions were made at points in the 
plant chosen so that the groups became separate units with definite 
operating relationships, both within the unit and with adjacent units. 
Group 1 included the primary crusher and the feeder from the primary 
crusher surge bin. Group 2 included the conveyor from primary to 
secondary crusher, the scalping screen, and the secondary crusher. 
Group 3 included the conveyor from the secondary crusher to the rock 
screening structure, all of the equipment in the rock screening plant, and 
the conveyor from the rock screening plant to the surge bin serving 
the first two hammer mills. Group 4 included all of the sand plant. 

The control and signal system was arranged to operate for certain 
definite conditions which were anticipated as likely to occur in the 
starting, running, and stopping of the plant. Certain other conditions 
which were also likely to occur were not provided for in the control and 
signal system, but were the responsibility of the operators. Fundamen- 
tally, the control and signal system was arranged to fulfill the following 
conditions : 

1. Signal all parts immediately affected by the operation of any other 
part of the plant. 

2. Prevent starting of certain related parts except in proper sequence. 

3. Afford flexibility of operation to certain contingencies which were 
bound to arise. 

As far as signal and control are concerned, the sand plant (group 4) 
was entirely separate from the large aggregate plant (groups 1, 2, 
and 3). 

Aggregate data. 

Average screen analyses of the aggregate produced by both the coarse 
and fine aggregate plants are given in table 63. Tables 64 to 69 inclu- 
sive show average monthly screen analyses for the six aggregate sizes. 
Fineness of the minus 100-mesh material contained in the finished fine 
sand is shown in table 70. Fineness of waste material washed out of 
the fine sand is included for comparison. An inspection will show that 
there is no definite separation at any particle size, but that the washing 
greatly reduces the percentage of extremely fine particles remaining in 
the fine sand. Average chemical analyses of the dolomite aggregate 
computed from monthly analyses of composite fine sand samples are 
shown in table 71. Specific gravity of all aggregate sizes was 2.82 for 
nearly all samples tested at the dam. 

155813 — 10 18 



Table 63 . — Average screen analyses of sand plant products and concrete aggregate 

[Percent passing] 


Sand-plant products week ending Jan 

26, 1936 


Concrete aggr 

agates in use as of Jan. 29 , 1935 

Screen size 

Ham- 

mer 

mill 

feed 

Ham- 

mer 

mill 

prod- 

ucts 

Circu- 

lating 

load 

Coarse 

sand 

Fine 

sand 

Cob- 

bles 

Coarse 

rock 

Medi- 

um 

rock 

Fine 

rock 

Coarse 

sand 

Fine 

sand 







100.0 












85.5 






4-inch _ 


















12.9 

100.0 

100.0 




O.LCinnh 

100.0 











2-inch - 

67.5 











114- inch — 

64.3 





2.5 

6.8 

88.8 

100.0 



1 14-inch - 

54.5 











1-inch 

43.8 

100.6 

100.0 









S/^-ifirth 

28.4 

96.5 

97.0 



1.2 

1.1 

8.8 

95.2 



34-inch ... 

22.3 

93.2 

90.5 









34-inoh 

17.7 

87. 2 

77.5 




.7 

1.5 

38.1 



3-mesh 

14.1 

78.1 

56.0 

100.0 

100.0 

.8 

.6 

1.3 

14.1 

100.0 

100.0 

4-mesh - 

11.4 

68.4 

37.9 

86.0 

99.9 

.7 

.6 

1.0 

4.2 

82.6 

99.9 

8-mesh 

7.1 

50.4 

14.3 

23.4 

98.7 

.5 

.5 

.8 

2.2 

22.6 

97.0 

14-mesh 


37.3 

7.1 

4.0 

69.2 

.4 

.4 

.8 

1.6 

6,3 

66.7 

28-mesh 


29. 1 

5.6 

3.1 

42.4 

.3 

.4 

.7 

1.4 

4.5 

42.0 

48-mesh 


21.2 

4.8 

2.9 

24.8 

.2 

.3 

.6 

1.2 

3.8 

27.0 

100-mesh - 


17.7 

3.9 

2.7 

11.5 

.2 

.2 

.5 

1.1 

3.2 

14,9 

Number samples. - . _ 

5 

5 

5 

2 

2 

3 

6 

4 

4 

10 

18 


Table 64 . — Average screen analyses of concrete aggregate cobbles 1 


Percent passing 



| 

CD 

€ 

3 

A 

1 

•a 

3 

TO 

A 

0 

-9 

1 

.a 

•S 

CN 

A 

§ 

5 

A 

■9 

s 

; 

■8 

.a 

€ 

3 

j§ 

5 ; 

•s 

3 

5 

3-mesh j 

4-mesh 

8-mesh 

14-mesh 

*3 

48-mesh 

1 

§ 

1934 

August 

100.0 

94.9 

70.2 

38.2 

18.3 

8.2 

5.1 

4.4 

3.6 

2.6 

2.1 

1.8 

1.5 

1.3 

1.0 

0.9 

0.7 

0.6 

0.5 

September- 

100.0 

94.2 

65.5 

22.7 

10.2 

3.7 

2.7 

2.4 

2.0 

1.6 

1.3 

1.1 

.9i 

.8 

.6 

.4 

.4 

.3 

.3 

October 

100.0 

97.3 

75.7 

37.0 

14.6 

6.8 

4.4 

3.7 

3.0 

2.3 

1.9 

1.6 

1.4 

1.2 

.9 

.7 

.6 

.5 

.4 

November 

99.1 

86.3 

60.4 

16.8 

8.1! 

5.2 

3.5 

2.9 

2.4 

1.7 

1.4 

1.2 

1.0 

.9 

.7 

.5 

.4 

.3 

,2 

December— 

100.0 

85.8 

60.3 

20.0 

10.1 

6.4 

3.8 

3.1 

2.6 

1.8 

1.5 

1.3 

1.1 

1.0 

.8 

.6 

.5! 

.4 

.3 

1935 




















January 

mo 

89.3 

55.2 

16.2 

8.6 

5.5 

3.8 

3.4 

2.9 

2.2 

1.9 

1.6 

1.3 

1.2 

.9 

.6 

.5 

.4 

.3 

February __ 

100.0 

91.0 

63.9 

22.4 

10.4 

5.6 

3.4 

2.8 

2.3 

1.7 

1.3 

1.1 

.9 

.7 

.6 

.5 

.4 

.3 

.2 

March 

100.0 

86.9 

55.3 

17.0 

8.8 

5.2 

3.8 

3.2 

2.7 

2.0 

1.6 

1.3 

1.0 

.8 

.6 

.4 

.3 

.2! 

.2 

April i 

98.4 

87.6 

61.0 

23.0 

10.9 

5.8 

3.9 

3.1 

2.6 

1.8 

1.5 

1.2 

1.0 

.9 

.7 

.5 

.4 

.3 

.2 

May 

100.0 

91.8 

59.6 

18.8 

7.8 

3.4 

2.0 

1.7 

1.4 

1.0 

.9 

.7 

.6 

.5 

.4 

.3 

.2 

.2 

.1 

June 

98.8 

87.5 

56.9 

21.6 

11.6 

6.4 

4.5 

3.8 

3.4 

2.6 

2.1 

1.8 

1.5 

1.2 

.9 

.7 

.6 

.4 

.3 

July 

99.3 

87.3 

61.0 

20.1 

9.2 

4.9 

3.1 

2.5 

2.1 

1.5 

1.2 

1.0 

.8 

.7 

.5 

.4 

.3 

.2 

.2 

August 

98.0 

88.0 

59.0 

19.9 

11.1 

5.9 

3.8 

3.1 

2.7 

2.0 

1.6 

1.4 

1.1 

1.0 

.7 

.6 

.5 

.4 

.3 

September. 

99.5 

89.8 

62.1 

17.1 

9.8 

6.2 

3.8 

3.1 

2.7 

1.9 

1.5 

1.2 

.9 

.8 

.6 

.4 

.3 

.3 

.2 

October 

99.0; 

86.9! 

59.7 

19.3 

11.0 

6.8 

4.2 

3.4 

2.9 

2.1 

1.5 

1.2 

.9 

.8 

.6 

.4 

.3 

.3 

.2 

November., 

98. 3j 

89.4 

55.8 

19.0 

12.3 

8.6 

5.8 

! 

4.9 

4.2 

3.3 

2.6 

2.2 

1.8 

1.5 

1.1 

.9 

.7 

.6 

.4 


1 Cloth size: August-Sept. 20, 1934, 6-inch upper, 3-inch lower; Sept. 20, 1934-March 1935, 6M-ineh 
upper, 334-inch lower; April-August 1935, 73£-inch upper, 334-inch lower. Approximate number of analyses 
per month: 1934, 6; 1935, 12. 
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Table 6d. Average screen analyses oj concrete aggregate coarse rock 1 


Percent passing 



■s 

.5 

"o 

a 

CO 

% 

a 

\<r* 

ST 

■s 

B 

CM 

1 

& 

§ 

1 

1 !| 

"7 

€ j -z 

.5 .3 

v4i j \ia 

! ■§ 

0 1 a 

S i £ 

CO : -wi 

x ; 

vt 1 

a : 
£ j 
cfc ; 

ja 

0 

S 

1 

5 

* 

*3 1 i 
c ; s 

oh j 0 
** j -< 

1934. 


100. 0 

92.1 

65.0 

32.4 

16.9 

13.0 

6.7 3.0 

5.8 1.6 

1.7! 

1-0 

! 





September 

' 166:6 
100.0 

100.0 

92. 1 

66.5 

29.2 

1 





September 2 

98.6 

81.8 

71.8 

48. 4 
40.2 

20.8 
12. 6 

9.6 

5.7 
6.3 

.9 

i 

4.2 1.6 

2.0 .7 

3.0 1.7 

.4 .1 

i i 

1. 1 0. 9 
6 5 

0.8; 0.7 
.4 .4 

l.O; .8 
.l! .1 

i 

1 1 

0.0 

.3 

i 

0.5 

.3 

! 1 

6.4 

.3 

.6 

.1 

1 | 

0.4; 0.3 
.2 .2 
.6 .5 

.lj .1 

November 

December 

1935 

100.0 

100.0 


77.6 

71.1 

43.6 

30.7 

13.3 

3.5 

l.i 1.2 
.1' .1 

; | 1 

January j 

ioo. o ! 


74.2, 

37.7 

7. 8 

2.9 

1.8 1.2 

.9 .8 

.6 .6, 

.5 

.4: 

.3! 

.3 .2 

February 

100.0 


75.7 

36.2 

5.9 

; 2.0 

1.1 .8, 

.6 .5 

.5 .4 

.3 

.3 

.2; 

.2 .1 

March 

100. 0; 



79.0 

42.3 

! 8.4; 

! 3.2; 

2.0; 1.4 

1.0 .8 

.7 .6 

.5, 

.5| 

.4! 

.3 .2 

April i 

100.0 

97.6 

79.0 

45.0 

1 9.3 

3.3! 

2.0: 1.5 

1.0: .9 

.7 .7 

.6 

.5; 

.4 

.4 .3 

May j 

100.0, 

97.8 

78.3 

39.9 

! 6.7 

2.4 

! 1.5 1.21 

.9 .9 

.8: .?■' 

.6 

.5, 

.4 

.4! .3 

June., J 

100.0 

96.2 

79.9 

46.9 

! 10.5 

3. 4i 

1.7 1.3 

.9] .8 

.7 .6! 

.5 

.5 

.4! 

.4: .3 

July 

100.0 

1 96.3 

78.8 

48.3! 

13.7 

4.5! 

2.2 1.8 

1.4 1.0 

.7 .6 

.6: 

.5 

.5 

.4; .3 

August 

100.0 

97.5, 

83. 8 1 

50-3, 

12.5 

4.8 3. lj 2.2 

1.4! 1.2 

1.0 .8 

.71 

.6, 

.5! 

.4! .4 

September 

100.0 

93. 4 1 

76.7’ 

43. 9 1 
44.5 

9.0 

4.1 2.5 1 1.8 

1.21 1.0 

.8' .7 

.6 

.6 

.5 

.4| .3 

October 

100.0, 

91.0 

72.9! 

11.2 

4.l! 2.1: 1.4 

.8 .7 

.7 .6 

.5 

.4 

.4 

.3 .3 

November 

! 100.0 

89. °j 

75.3 

! 45.6 

11.7 

3.6! 2.3 1.7 

1.2 1.1 

1 1 

1.0 .9 

1 1 

.8 

. 7 

.6 

.5; .5 

! 


i 3-ineh semen net, used in making analyses of coarse rock, October 1934-March 1935. Cloth size: August- 
Sept. -’ll, PKU , 3- ! nch anpsr, l-j inch lower. 

2 Sop;. 20. ii)3‘-\r:gus: .! t«3.“ , 3J i-inoli upper, l’jS-inch lower. Approximate number of analyses per 
znoai 1 !: 1934, *2; ! 935, 2-1. 


Table 66. — Average screen analyses o] concrete aggregate medium rock 


Percent passing 



1 

CN 

•S 

a 

5 

•a 

jb 

1 

.d 

| 

JS 

jd 

5 

■S 

5 

■s 

a 

5 

1 

S 

CO 

,e» 

cn 

0 

s 

£3 

e@ 

s 

00 

ja 

£ 

28-inesh 

-a 

0 

00 

100-mesh 

1934 


100.0 

91.3 

74.2 

27.5 

7.1 

3.6 










100.0 

94.3 

76.5 

28.8 

7.1 

2.1 

1.2 







September * 


100.0 

86.3 

67.1 

23.4 

6.9 

3.0 

1.9 

1.3 

1. 1 

6.9 

6.8 

0.7 

0.6 

October 

100.0 

96.1 

84.8 

63.9 

16.3 

3.6 

1.4 

1.0 

.9 

.8 

.7 

.6 

.5 

.5 

November _ 

100.0 


77.2 

56.2 

9.4 

2.6 

1.3 

1. 1 

1.0 

.8 

.7 

.6 

.6 

.5 

December— 

mo 

84. 4 

64.2 

40.1 

6.7 

.8 

.3 

.3 

.3 

.3 

.3 

.2 

.2 

. 2 

1935 















January ; 

100.0 

84.8 | 

64.9 

42.5 

8.5 

2.2 

1.4 

1. 1 

.9 

.8 

.7 

.6, 

! .5 ■ 

.4 

February— 

100.0 

86.6 

63.5 

40.0 

7.0 

1.9 

1.1 

.9 

.8 

.7 

.6 

.5 

! .4 

.4 

March 

100.0 

89.1 | 

67.2 

45.1 1 

9.0 

2.6 

1.7 

1.3 

1.1 

1.0 

.9 

.7 

.6 

.5 

April 

200.0 ! 

87.7 

65.2 

42.8 

6.9 

1.8 

1.1 

.8 

.7 

.6 

.6 

.5 

.4 

.4 

May 

ico.o 

85.1 

61.8 

37.3 

5.6 

1.9 

1.4 

1.3 

1.2 

1.1 

1.0 

.9 

.8 

.6 

June 

100.0 

89.8 

68.7 

44.6 

7.7 

2.1 

1.4 

1.0 

.9 

.8 

.8 

-7 

.6 

.5 

July.—, i 

100.0 

89.3 

68.3 

45.9 

7.8 

2.3 

1.5 

1.2 

1.1 

1.0 

.9 

.8 

.7 

.6 

August 

100.0 

91.9 

71.1 

48.0 

9.2 

1.9 

1.2 

.9 

.8 

.7 

.6 

.6 

-5 

.5 

September J 

100.0 1 

91.3 

69.8 

46.7 

8.7 

1.7 

1.1 

.8 

.7 

.6 

.6 

.5 

.5 

.4 

October 1 

100.0 1 

90.4 

64.9 

41.5 

7.9 

1.4 

1.0 

.9 

.8 

.7 

.6 

.6 

.5 

.4 

November . , 

; 

100.0 , 

89.8 

66.7 

41.6 

9.0 

1.7 

1.2 

1.0 

.9 

.8 

.7 | 

.6 

.6 

.5 


* Sept. 20, 1934-August 1935, 1%-ineh upper, %-inch lower. Approximate number of analyses per month: 
1934, 12; 1935, 24. 

Note.— IM- inch screen' not used in making analyses of medium rock during November 1934. Cloth, 
size: August-Sept. 20, 1934, 134 -inch upper, ^-inch lower. 
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Table 67. — Average screen analyses of concrete aggregate fine rock 


Percent passing 



1-inch 

u- 

inch 

34- 

inch 

H- 

inch 

3» 

mesh 

4- 

mesh 

8- 

mesh 

14- 

mesh 

28- 

mesh 

48- 

mesh 

100- 

mesh. 

1984 

August 

100.0 

99.5 

89.2 

58.1 

28.3 

22.7 

3.9 

3.1 

2.6 

2.2 

1.7 

September 

100,0 

98.9 

84.2 

48.8 

16.1 

3.2 

1.7 

1.3 

1.2 

1.0 

.8 

October .. 

100.0 

96.0 

71.3 

36.9 

15.3 

7.0 

3.9 

2.9 

2.4 

2.1 

1.8 

November 

100.0 

92.5 

56.3 

17.1 

2.5 

1.4 

1.1 

1.0 

1.0 

.9 

.8 

December 

100.0 

93.5 

67.9 

35.5 

13.7 

5.5 

2.7 

2.4 

2.1 

1.7 

1.4 

im 












January 

100.0 

96.0 

73.4 

46.1 

25.4 

14.5 

8.1 

5.8 

4.6 

3.8 

2.8 

February 

100.0 

94.6 

69.8 

43.0 

21.2 

10.8 , 

5.7 

4.1 

3.4 

2.8 

2.2 

February 1 

100.0 

94.6 

66.3 

32.4 

9.0 

4.3 

2.7 

2.4 

2.1 

1.8 

1.5 

March 

100.0 

94.5 

66.2 

33.6 

10.2 

5.5 

3.8 

3.2 

2.7 

2.4 

2.0 

April 

100.0 

92.1 

61.0 

29.0 

6.6. 

3.2 

2.3 

2.0 

1.7 

1.5 

1.2 

May 

mo 

90.2 

59.9 

27.0 

7.2 

4.1 

3.1 

2.8 

2.4 

2.1 

1.8 

June 

100.0 

92.5 

62.0 

26.3 

5.0 

2.3 

1.7 

1.6 

1.4 

1.3 

1.1 

July.. 

100.0 

92. 1 

55.0 

22.8 

4.9 

2.7 

1.9 

1.7 

1.5 

1.3 

1.1 

August 

100.0 

93.4 

56.6 

22.1 

3.2 

1.6 

1.1 

1.0 

.9 

.8 

.7 

September.., 

100.0 

95.7 

60.3 

23.0 

3.8 

1.7 

1.0 

.9 

.8 

.7 

.6 

October 

100.0 

94.4 

51.5 

17.5 

4.0 

2.7 

2.2 

2.0 

1.8 

1.5 

1.2 

November 

100. 0 

95.6 

56.1 

19.4 

2.5 

, 

1.2 

1.0 

.9 

.8 

.7 

.7 


i Feb. 11-Augiist 1935; %-inch upper, INrinch lower. Approximate number of analyses per month: 1934 
12; 1935, 24. 

Note.— C loth size: August-Sept. 20, 1934; 3^-inch upper, J4*mch lower. Sept. 20, 1934-Feb. 11, 1935, 
26-inch upper, 34-inch lower. 


Table 68. — Average screen analyses of concrete aggregate coarse sand 


Percent passing 



K-inch 

%-inch. 

3-mesh 

4-mesh 

8-mesh 

14- 

mesh 

28- 

mesh 

48- 

mesh 

100- 

mesh 

1984 










August- 



100.0 

94.9 

13.2 

2.4 

1.8 

1.6 

1.4 

September.. . 



100.0 

83.2 

18.2 

5.5 

4.2 

3.5 

2.7 

October. 



100.0 

79.6 

14.8 

4.2 

3.2 

2.7 

2.2 

November--. 



100.0 

85.4 

22.4 

4.6 

3.4 

3.1 

2.6 

November A. 


100.0 

94.6 

79.4 

33.4 

14.4 

10.9 

9.0 

7.4 

December. 



100. 0 

76.9 

13.2 

2.6 

1.6 

1.3 

1.2 

1985 










January..- 



100.0 

82.9 

20.8 

5.3 


3.1 

2.6 

February. .. 



100.0 

76.0 

18.2 

6.3 

3.6 

3.0 

2.5 

February A. 


100.0 

92.0 

64.1 

14.9 

5.7 

4.5 

3.7 

2.9 

March 


1C0.0 

94.4 

73.1 

21.9 

8.4 

6.3 

5.3 

4.3 

April 


100.0 

96.3 

78.5 

23.9 

7.4 

5.2 

4.3 

3.4 

May 


100.0 

95.4 

77.6 

20.2 

5.4 

4.0 

3.3 

2,7 

June 


100.0 

92.9 

69.2 

14.2 

3.3 

2.8 

2.2 

1.7 

July 

100.0 

99.8 

93.0 

72.5 

15.3 

5.9 

4.9 

4.0 

3.1 

August 

100.0 

99.9 

92.8 

71.9 

15.8 

5.7 

4.2 

3.6 

3.0 

September.. 

100.0 

99.9 

89.2 

67.0 

8.9 

2.3 

1.8 

1.6 

1,4 

October 

100.0 

99.6 

89.6 

63.0 

9.3 

2.5 

1.9 

1.8 

1.6 

November. . 

100.0 

99.6 

86. 5 

57.3 

6.9 

2.4 

2.2 

2.0 

1.9 

i Nov. 18-Dec. 2, 
lower. 

1934, JHrineh upper, 8-mesh lower. 

Dec. % 

1934-Feb. 

17, 1935, 

, M-iuch upper, 

8-mesh 


* Feb. 17-August 1935, K-inch on 4 screens, %-inch. and He-ineh on 2 screens upper, 8-mesh lower. 


Note. — Cloth size: August-Nov.18, 1934, 34-inch upper, 8-mesh lower. Approximate number of analyses 
per month: 1934, 25; 1935, 30. 
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Table 69. Average screen analyses of concrete aggregate fine sand 


Percent passing 



3-mesh 

4-mesh 

8-mesh 

14-mesh 

28-mesh 

48-meBh 

100-mesh 

1934 

August. 

100.0 

99.9 

95.5 

61.3 

35.4 

20.2 

11.6 

September 

100.0 

99.7 

96.2 

64.6 

39.2 

23.3 

13. 1 

October 

100.0 

99.8 

98.2 

66.1 

39.6 

24.2 

13.5 

November... — 

100.0 

99.9 

98.2 

67.5 

41. S 

25.6 

14.0 

December — 

100.0 

99.8 

97.7 

69.8 

42.1 

25.5 

12.9 

1935 

January 

100.0 

99.8 

97.4 

66.4 

40.9 

25.5 

13.5 

February 

100.0 

99.8 

98.1 

68.0 

42.3 

25.4 

13.0 

March 1-25 - 

100.0 

99.8 

96.8 

65.9 

40.4 

24.3 

12.0 

March 25-31 

100.0 

99.9 

98.2 

68.5 

43.3 

27.6 

16.0 

April 

1 100. 0 

99.9 

97.7 

69.2 

43.4 

27.2 

1 15.8 

May 

100. 0 

99.9 

97.4 

69.0 

43.8 

28.1 

16.9 

June - 

! 100. 0 

99.9 

97.4 

68.9 

44.0 

28.9 

1S.0 

July 

100.0 

99.9 

96.5 

75.1 

42.9 

27.6 

17.1 

August 

100.0 

99.9 

95.7 

67.7 

42.9 

27.4 

17.3 

September 

100.0 

99.9 

93.7 

64.2 

40.4 

25.7 

| 16.7 

October 

100.0 

99.9 

92.9 

61.2 

37.9 

23.4 

15.0 

November — 

100.0 

99.9 

92.2 

60.0 

36.2 

22.6 

14.0 


Note. — Cloth size: 755 T. C., 341 T. CL, Tyrod, and others used with no appreciable effect on grading. 
Sand reclaimer Installed Dee. 27, 1935. Wilfley sand pump installed at reclaimer Mar. 25, 1935. Approximate 
number of analyses per month: 75 (each sample a shift composite) . 


Table 70. — Fineness analyses 


[Percent finer than particle size indicated] 


Particle size microns 

—•100-mesh 
material 
in washed 
fine sand 

— 100-mesh 
material in 
reclaimer 
waste 

{74) 200-mesh 1 __ 

41 

91 

(44) 325-mesh 1 - 

27 

58 

40/_ 

21 

40 

35 - 

18 

36 

30 - - 

16 

32 

25 

14 

28 

20 - 

12 

23 

15 - 

10 

18 

10 - - 

8 

14 

5 

5 

9 

1 

1 

4 





i Sizes in parentheses determined by wet screening, other sizes determined by Bouyoucos hydrometer. 


Table 71. — Chemical analysis of dolomite concrete aggregate 


Components: Percent 

Silicon dioxide (SiO*) 5. 6 

Perrie oxide (Pe 2 0 3 ) . 4 

Aluminum oxide (AI 2 O 3 ) 1. 4 

Calcium oxide (CaO) 29. 2 

Magnesium oxide (MgO) 19. 8 

Ignition loss and miscellaneous 43. 6 


Analysis is average of monthly analyses- of composite sand samples. 
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CEMENT HANDLING 

A total of 1,107,676 barrels of bulk cement was used in construc- 
tion work. The maximum daily consumption anticipated was 8,630 
barrels. Actual maximum monthly consumption was 94,280 barrels 
for April 1935. Two days 5 supply, or about 6,000 barrels, storage 
capacity at the dam was established as a safe minimum. 

Three methods of hauling the cement from the mill to the job were 
studied. These three methods were, briefly, (1) to haul the cement 
by truck direct from the Volunteer Portland Cement Co. mill at 
Knoxville, a distance of 33 miles by the shortest route; (2) to haul 
the cement from this mill by the shortest existing paved road, a dis- 
tance of 45 miles; and (3) to haul the cement by rail to Coal Creek 
and then by truck to the dam. The first and second methods were 
estimated to effect a small saving in transportation cost. These 
were rejected, however, because approximately one-fifth of the total 
cement used would have to be transported by rail before, the roads 
could be made ready for use, because the long truck haul increased 
the possibility of accidents by 12 times and involved moral respon- 
sibility for damage to the highways due to heavy hauling, and because 
shipments would be limited to a single cement mill. 

The plan adopted provided that the cement be shipped by rail to 
Coal Creek where unloading facilities, a storage silo, and truck-filling 
facilities were provided. The bulk cement was then hauled 4.6 
miles by four special semi- trailer tank trucks to the dumping hopper 
and storage silo at the dam. Two stationary pumps conveyed the 
cement by pipe lines from the hopper to the mixing plant bin, or the 
storage silo. Cement was reclaimed from the silo by a chute which 
returned the cement by gravity to the same hopper where it was 
pumped to the mixer plant bin. Box cars, bulkheaded back of the 
doors and lined to prevent loss of the cement in transit, were specified 
for shipping the cement. 

Unloading facilities at Coal Creek. 

Since railroads did not have hopper -bottom cement cars available 
for use in this locality, methods for unloading the cement from box 
cars had to be developed. Two plans were studied : the first scheme 
consisted of the use of portable cement pumps which picked up 
cement from the boxcar floor and conveyed it by air to the top of the 
silo ; the second scheme used a manually-guided power scraper pulled 
by a winch to scrape cement into a hopper. From the hopper a 
screw conveyor carried the cement to a vertical bucket elevator which 
dumped into the top of the silo. Although the first cost of the sec- 
ond scheme was somewhat less than that of the first scheme, the first 
scheme was chosen. This greatly reduced the physical hardship to 
the operator caused by cement dust which is much greater with the 
scraper method. The scheme chosen was more adaptable and flexi- 
ble for possible use on other projects. Two Fuller-Kinyon portable 
pumps were purchased for this work. 

The storage silo was a structural steel tank with a conical bottom, 
having a level^ full capacity of 6,000 barrels. The average amount 
stored in the silos was less than 2,500 barrels. This was kept low to 
provide a large empty space above the cement to allow the cement 
to settle, resulting in little loss of aerated cement dust through the 
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vent. Jets of compressed air at the discharge opening of the silo 
were used to keep the cement from clogging the discharge valve. 
The overlapping joints of the steel plates of the silo were painted 
with asphalt to keep out moisture. 

The two portable Fuller -Kiny on cement pumps were 6-ineh, type B, 
No. 184, and had a rated capacity of 175 barrels per hour. Approxi- 
mately 3 hours were required to pump out one car by use of a single 
pump. Approximately 1 hour and 50 minutes of this time were 
actually used in pumping. Thirty minutes were used in pulling 
bulkheads from the car; 20 minutes in moving the car in and out; 
10 minutes as a rest period for the operator, because of the dust ; and 10 
minutes for oiling the machine. Using 1 hour and 50 minutes to 
pump out a car gave an average pumping rate of 129 barrels per 
hour. It was possible, however, to reduce this time to 1 y 2 hours, 



Figure 120 . — Cement unloading facilities at Coal Creek. 


which would be an average pumping rate of 160 barrels per hour. 
This higher rate was obtained by crowding the machine, which in 
time causes undue wear of the “Denhart Sems. 57 This seal seemed to 
be the machine’s weakest point. 

During the operation of these pumps several changes were made 
in their design because of the relatively high repair costs for certain 
parts. To reduce the wear on the hose and to make the hose easier 
to handle, small four-wheel carriages were installed. Much trouble 
resulted from foreign matter in the cement. Repair costs from this 
item were cut considerably by replacing a rivet on the collector plate 
which was supposed to shear if the plate hit any foreign material 
with a shear-bolt. Replacing the bolt took considerably less time 
than replacing the rivet. 

The maximum output for a 6-hour shift as determined by special 
studies for the two pumps was six cars, or 1,440 barrels. This pro- 
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du-ction was obtained by extreme crowding of both machines and 
men. In July 1935, 384 cars were unloaded, or about 92,160 barrels. 
Actual working hours were 653%. Including the time the machines 
were out of order and other delays, the average production rate per 
machine was 70 barrels per hour, or 3 hours 26 minutes per car. 

Hauling. 

Four truck-tractors and tank-trailers were used for hauling cement 
to the dam. Each unit consisted of a model A— 8 International trac- 
tor-type truck coupled to a 12% -ton model 817 Eruehauf semi-trailer 
equipped with a 65-barrel cylindrical tank. In order to conserve 
weight and permit a heavier pay load, the cement tanks were made 
of aluminum. 

The extra first cost of four aluminum cement tanks over steel was 
$2,521. The aluminum tanks were built 5 feet in diameter and 16 
feet long, against 5 by 13% feet for a steel body. The saving in 
weight of 1,900 pounds allowed five barrels greater capacity for the 
aluminum bodies. The cost per load was the same and gross weight 
for both outfits was the same. The average load actually carried in 
the aluminum bodies was 57.9 barrels, and the estimated load for 
steel bodies was 52.9 barrels. This meant that 1,600 loads were saved 
by use of the aluminum bodies; including the extra cost of these 
aluminum bodies, approximately $2,000 was saved. Credit should 
also be given the aluminum bodies for no expense of painting, better 
appearance, and less depreciation. 

The cement handling job could have been accomplished with three 
tank-truck units. The fourth was bought as an emergency unit and 
to enable the truck-tractor of the spare unit to be used for miscel- 
laneous hauling work. There were two extra Fruehauf trailers — one 
a stake trailer and the other a pole type. 

These trucks operated over the access road between Coal Creek and 
the dam. From Coal Creek to Norris the road first rises over a ridge, 
necessitating a climb of 486 feet in 2.6 miles. Thence the elevation 
drops 106 feet in 1.7 miles. The remaining 0.3 mile dropped 75 
feet by gravel roadway to the cement silo. 

When the trucks were being filled at Coal Creek the cement fell in 
a pile inside the tanks, leaving the tanks only partially filled. To 
help overcome this condition, when as much cement was loaded as 
possible, the trucks would turn around for the return trip and drive 
again beneath the silo for additional loading. This short run of 
approximately 200 feet vibrated the cement sufficiently to allow five 
or ten more barrels to be loaded. The average load of 57.9 barrels 
was approximately 89 percent of the manufacturer’s rated capacity of 
65 barrels. 

The trucks were operated on the same shifts as was the -remainder 
of the plant. Each unit was operated by a driver whose sole duty 
was to drive the unit, loading and dumping being taken care of by 
regular crews at the loading and unloading stations. As the trucks 
were operated, they could transport considerably more cement than 
was used. As a result, no cement shortage was experienced, and the 
trucks were occasionally out of service for repairs or for other work. 

Four units operated a total of 15,106.5 hours to July 20, 1935, the 
principal period of activity. Eighty-nine percent of this time was 
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forjhauling cement; 7.1 percent for hauling 'warehouse supplies; and 
3.9 percent on miscellaneous hauling. The average time per load 
was approximately 40 minutes. The over-all average time per trip 
was 52 minutes. 

The units were continuously subjected to the abrasive cement dust; 
therefore a daily greasing schedule was maintained, and the radiators 
were drained, flushed, and refilled frequently. Oil was changed every 
500 miles. 



The first cost of the four units delivered was $22,028. The total cost 
of operating the four units, including depreciation, was $49,099.91. 
For all uses to August 1, 1935, special studies showed the operating 
cost per hour to he approximately $3.10, or approximately $0.32 per 
mile. For hauling (1,107,676 barrels) the cost was $2,548 per load 
or $0,044 per barrel, or $0,048 per ton-mile. 

Cement handling facilities at the dam. 

Arrangements were made at the start of construction plant opera- 
tions to provide space for a cement silo of 6,000-barrel capacity and 
dump truck facilities close to the mixing plant. Mechanical schemes 
as well as pneumatic were studied for conveying cement to the top 
of the mixing plant bin. 
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The silo was a duplicate of the silo at Coal Creek. . A truck-dump- 
ing hopper and shed were located at one side of the silo. The dump- 
ing hopper was a structural steel cone under which two stationary 
Fuller-Kinyon cement pumps were placed in a concrete pit. The 
hopper gate was a steel section of the floor which the operator swung 
open after the truck had passed over it. An 8-ton electric monorail 
hoist hooked onto the front end of the tank lifted the front end, al- 
1 owing the cement to flow out of the rear end into the hopper open- 
ing. Considerable clust was raised in the dumping operation, but this 
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Figure 122. — Cement handling — Quantities and costs. 

did not interfere with proper operation since the operator controlled 
the hoist dump at the front of the truck away from the dust. 

Economical erection of the piping system and the flexibility of the 
lay-out, which allowed either pump to discharge to the silo or to the 
mixing bin, was the main advantage of this system over the others 
considered. 

Cement loss. 

Toss of cement in handling amounted to 1.37 percent of the total 
cement purchased, which covered the total loss including unloading 
at the box car, filling tank trucks, hauling, truck dump hopper, and 
loss of aerated cement through vents in silos and bins. 
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Cement handling costs. 

The total original cost of cement handling facilities was $68,368.97. 
Repairs necessary because of settlement of the silos entailed an ex- 
penditure of $5,946.90 for new footings and replacement of columns 
and bracing at the dam silo, and an expenditure of $3,086.60 for new 
footings at the Coal Creek silo. As shown by a special study, the 
cost of handling 1,107.676 barrels of cement was $206,424.43, or $0,186 
per barrel. If the cost of testing is included, the total cost of cement 
handling is increased to $249,523.07, or $0,224 per barrel. 

CONCRETE MIXING PLANT 

Prior to the selection of the mixing plant, extensive studies and 
investigations were carried on to determine a site that would tie in 
with the crushing and screening plant and the bulk cement storage 




Figure 123 . — Mixing plant . 


system, and at the same time would be so located as to reduce tlie 
problem of concrete delivery to a minimum. This plant also had to 
be flexible to meet changes in all normal mixing and placing condi- 
tions, and at the same time maintain economy in production. 

Some known conditions governing the design and construction of 
the plant were : 

1. Aggregates were to come to the mixing plant by a conveyor 
system ; 

2. Two sizes of sand and four sizes of coarse aggregate were to 
be used; 

3. Bulk cement was to be used being pumped to the mixing plant 
from a cement silo, or dumping hopper; 

4. Transfer trains and cableways were to be used in transferring 
and placing concrete. 

Five general types of concrete mixes were to be used in the dam 
and powerhouse. Modifications of these general mixes and special 
mixes were to be used for conditions requiring concrete of a quality 




THE NORRIS PROJECT 


not obtainable from the five standard mixes. Placing requirements 
called for the completion of tlie main portion of the dam between 
July 1934 and December 1935. This gave an estimated maximum 
monthly production of about 70,000 cubic yards. This rate of placing 
for a 26-clay month and a 22-hour day meant a required average pro- 
duction of about 120 cubic yards per hour. Concrete dispatching 
schedule studies indicated that two cableways with 6-cubic-yard 
buckets and three 6-cubic-yard transfer trains properly scheduled 
under ideal working conditions could place a maximum of 180 cubic 
yards of concrete per hour. This was the basis for final selection of 
the plant. 


OBJECT OF SIGNALS AND FUNCTION OF LEVERS 

PERSONNEL 

OPERATING INSTRUCTIONS 

1 t «-T ll'v hopper 

IB:.: ’ " ■■■■!■ to start cement pumps 

2 B . ■■ ... ■ ■ u c regale feed gates 

2 blasts to stop. 

2 5 Korn acknowledging signal. 

3 B Aggregate selecting signal buttons 

3 S * • ipdicaling light 

Light on, aggregate being sent. 

4 B Button to start conveyors (interlocked) 

1 HEAD HOUSE 
OPERATOR 

A. Operate and maintain head house equipment 

B After sounding 1 blast_on 2 B to tunnel operalor and 

turnhead and repeat B 

* .* = ■■■•• .. t • i silo; receive 1 blast 

o- - i r ; signal. 

■ ••.••x- i ■■. evs with 1 B to silo. Receive 

2 blasts acknowledgment, on 1 5 . Cement stops. 

5 B Toggle Switch to set scales indicating desired mix. 

5 5 Signal tight Indicating type of mix in operation 

6 B Toggle switch to cut out any batcher desired. 

6 5 Light indicating batcher which has been cut out 

1 DISPATCHER 

A Receive all instruction from dam by phone 

8. Set alt batcher scales indicating type of mix desired, by 5 B 

C. Adjust water batcher. 

D Control movements or trains and cableways. 

7 L Air levers for filling batchers. 

T B r. '■ - '."••5 :* r-r-f u s‘:'-s-s 

18i.” !-i_'. ; 

10 B S..-1 i J. 

10 £ » e. rr- *.. rr: 

11 £ -r > —o- •• -f ■■ -i !:* . • 

BATCHER 

OPERATOR 

NO 2 

D. Upon signal from operator No. 1 repeat operation 

\i L Air levers for filling batchers. 

13 L Air levers for dumping all aggregate, cement, i water. 

13 S Light from mixer man to dump batcher*. 

Light on • dump batchers. 

13 B Switch to signal mixer man thaf batchers are empty. 

13 E. Air operated gates for dumping batchers. 

14 S Blue light indicating water tank is being filled. 

15 5 Red * » .... discharged. 

13 B Automatic water batcher control . 

IE B Start button for motor driven turnhead. 

BATCHER 

OPERATOR 

NO 1 

;■ J : . -s' ■/ r-~ : * 1 . 

\ s: i r ' is* j-..- ■? 1 ■: " :e-s 

<*"2 v ■ v:»« X. 

16 E Motor driven turnhead. 

17 B Eta- 4 a— ! t 4 e“ h'.‘“nr ‘r- -: 4 cr tfr'v*- 4 \:rnhe»d. 

>“■ . Jf ■■ • *- ■ '■ ."fi 

17 £ "■* • .e. s -■ i: -.v , ■ „r turnhead 

ana close signal circuit S la 

17 L Air levers for dumping mixers mechanically interlocked 
with timers. 

17 T Mix timer actuated by turnhead 16 E. Timer starts 
when turnhead leaves position after charging mixer. 

IB E Mixer, air dumped . 

IB B Signet to batch operator No. ttgdump batchers (3 way sw) 

IBS [;?/. -s a- 

19 5 U * ■ r .»u ;ri 

20 B i-.- :rs- !■>■, -w ? siv ?■:: e;::. 

l-UIXERMAN 

A. Check position of turnhead 16 E and if necessary adjust 
by means of 17 8 . 

B. * e-'-a 1 *- w iL 'B B to dump batchers. 

C. -■■■e- ct <■:'■{ -j ■ ; batcher* are empty) repeat 

C l!" r -e'’osc f — i -i s » ‘■i—rr and after seeing ear in 
; ;*■- r - x-r 

L £. .e :: . .- TV 1 - “ain to move up. 

■ 2 :: usis ... . . proceed 

20 E Concrete transfer ear. 

20 5 Dispatching signal. 1 blast, move wpj 2 blasts, proceed 

TRAINMAN 

A. After spotting train and receiving 1st batch, move ahead 
upon 1 blast from horn 20 5 , wait for 2nd blast, then proceed. 

J MECHANIC 

A. Maintain and lubricate all equipment. 

1 CONC INSP 

A. Control all cone proportions and consistencies. Do ell testing. 

i FOREMAN 

A. Supervise, instruct operators and act as relief operator. 


Figure 124. — Schematic 


Description of plant* 

The final equipment selected for handling and mixing the concrete 
made the plant one of the most modern and efficient of its kind. The 
plant consisted of three 3-cubie yard Smith, double-cone, tilting mix- 
ers designed for the maximum output of 180 cubic yards per hour, and 
all necessary equipment and controls for delivering material to the 
bins and for batching and mixing. The mixei* building proper, a 
five-story steel structure, was 105 feet high. The building, steel- 
storage bins, and various other parts of the plant were erected with 
rivet bolts to permit easy dismantling and re-erection. The mixer 
support was a reinforced concrete structure separate from the rest of 
the building. 
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Aggregate for the concrete was reclaimed from the aggregate stock 
pile by a conveyor running through the reclaiming tunnel under the 
stock piles. Cement was brought to the mixing plant from the stor- 
age silo or from the truck dumping hopper, flaw water pumped 
from the Clinch River was used as mixing water. 

The concrete aggregate received at the top of the mixing structure 
from the aggregate conveyor belt was directed to the proper bin by 
means of a manually operated tumhead. One bin was provided for 
each of the six aggregate sizes. Two bins were provided for cement. 
The aggregate bins were arranged symmetrically around the two 
cement bins which were located at the center of the structure. The 



lay-out of mixing plant. 


total bin capacity was about 1,100 cubic yards for aggregates and 
about 940 barrels for cement. One operator, aided by electrical sig- 
naling devices to sources of supply, kept the aggregate bin and 

cement bin filled. , 

All material flowed through the mixing plant by gravity. Located 
immediately below each storage bin was a C. S. Johnson air-operated 
batcher equipped with a Kron springless scale. All sand and 
aggregate filling gates were of the radial undercut type, with port 
openings of sufficient area to permit a gravity flow through them at 
a rate of 20 tons per minute when completely open. The discharge 
gate on each batcher hopper had a port opening of sufficient area to 
permit gravity discharge of the full contents in * 7 seconds- All tilling 
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and discharge valves were operated by air rams manually controlled 
and capable of practically instantaneous opening and closing. The 
rams were air cushioned at the end of the stroke to prevent damage 
when operated for instantaneous opening and closing of the batcher 
gates. The air valves for controlling the filling gates were adapted 
to group mountings and were so designed as to enable the operator 
to open or close instantly, to open or closely slowly, or to hold the 
filling gates in a partially open position. . An automatic “ jigging’ 5 
device greatly aided in the accurate batching of cobbles, as it was 
impossible to add small increments of weight to the batch. 

Each cement batcher hopper was equipped with an air ram oper- 
a ted, rotary-type filling gate, having a capacity of 3,000 pounds of 
loose cement per minute, and a motor-driven rotary vane-type feeder. 
This feeder was operated by a fully-enclosed gear system driven by 
a totally enclosed, fan-cooled, induction motor equipped with a quick- 
acting magnetic brake. At the top of the cement batcher unit was 
also an emergency sliding gate directly ahead of the filling gate. 
Discharge of the cement batcher unit was controlled by an air- 
operated gate faced with live rubber and covered with a dust guard. 
The opening controlled by each of these discharge gates was suffi- 
ciently large to permit the full batcher unit to be emptied in 7 
seconds. Electric interlocks were provided to prevent operation of 
the filling gate when the discharge gate was open. Provision was 
made for the operation of the cement batcher filling gates by manual 
or automatic control, manual operation being preferred because of 
greater accuracy. Electrically driven vane agitators immediately 
below the cement bins, and air lines in the bins, assisted the cement 
to flow. The batcher discharge was assisted by a vibrator attached at 
the side of the cement batcher. A chute extended from the discharge 
of each cement batcher to the center of the charging hopper for 
preventing the cement from falling against the sides of the hopper 
and sticking, and for obtaining a better mingling of cement with 
the aggregates. 

The scales with each batcher were of the springless type, swivel 
mounted, and adjustable for leveling. The dial mechanism was 
equipped with an adjustable dampening device for steadying the 
pointer movement. The scales were accurate to within 1 percent of 
correct weight. 

Mixing water was batched automatically by a volumetric batcher 
of 200-gallon capacity. The measuring tank was enclosed and pro- 
vided with an automatic overflow consisting of a motor-driven, screw- 
operated overflow riser within the tank. With this device, the 
amount of water per batch could be quickly changed. Gages showed 
the inspector and also the batcher operator the level in the tank. 
Water was delivered to the measuring tank through a 4-inch valve 
and discharged through a 5-inch valve. Both inlet and outlet valves 
were of the quick-acting type and were interlocked to prevent direct 
flow from the supply to the discharge line. Both valves were 
actuated by an air cylinder which, in turn, was controlled by an 
air valve located on the batcher operator control stand. 

The batching of the material for each mix was divided between 
two operators, each being provided with a one-man control stand 
located on opposite sides of the hatcher floor. Cement and three 
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aggregates were batched by one operator, and water and the three 
other aggregates by the second operator. The second operator 
dumped the batchers. Scale dials were in plain view of the operator ; 
and pointers, carrying small electric lights, and attached to the dial 
faces, indicated the amounts of each material to he weighed. 

Batched materials were dumped into a collecting hopper from 
which they were directed to any one of the three concrete mixers by 


Figure 125 . — Batcher stands . 

means of a two-horsepower, motor-driven turnhead. An auxiliary 
turnhead attached to the main turnhead handled mixing water. 

The three mixers were powered independently by 440-volt, three- 
phase, 1,160 revolutions per minute, 40-horsepower motors. Each 
mixer was mounted on a separate frame and was connected to its 
motor by means of a tex-rope drive. Each mixer was tilted inde- 
pendently by an air cylinder controlled by an air control valve. The 
mixers were, in general, of standard design with the exception that 
a coating of hard-surfacing metal was applied to the interior to resist 
abrasion. The coating was -f^-inch thick where the wear was the 
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heaviest and tapered down to i/ 8 -inch where the least wear occurred. 
The coating was kept built up rather than waiting until large areas 
were worn off. The coating was put on with special welding rods 
of nickel and cast iron composition and was applied by means of 
reverse polarity electric welding. The only points of wear were the 
extreme upper edge of the blades and the area where the concrete 
struck the drum shell after falling over the blade. To prevent the. 
blade edges from becoming irregular in shape after wearing, a 2-inch 
plate was welded to the back of the blade at the upper edge. The 
coating was then added to the edge of the blade to bring it to the 
top level of the added strip. 



Figure 126 . — Concrete mixers. 


The mixer center lines were set radially so as to discharge through 
a common hopper into cars on a track at the level of the base of the 
mixer building. 

The three mixers were controlled from a one-man 0. S. Johnson 
<& Co. operating stand placed on the mixer floor so that the operator 
could see each mixer and the product that it discharged. Koehring 
mechanical timers indicated the minimum mixing time of the mate- 
rial in each mixer. The mixers were designed for three minutes’ 
mixing time. By test, however, it was found that 2% minutes 
was a desired mixing time. This mixing time gave a mixing cycle 
of about 3 minutes and 15 seconds. 

Kaw water pumped to a storage tank on a hill above the mixing 
plant was used for mixing water, sand plant, and washing and curing 
of concrete in place. Two auxiliary tanks only slightly higher than 
the mixing plant water batcher were installed to reduce water pres- 
sure on the batcher valves. Mixing water was heated in cold weather, 
by injecting steam into one of these auxiliary tanks. A 150-horse- 
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power, 125-pound, Pennsylvania portable locomotive-type boiler sup- 
plied steam for heating mixing water and for thawing out sand plant 
stock piles, conveyors, and other equipment. The boiler was erected 
on the slope between the cement silo and the mixing plant. Mixing 
plant water was heated only when concrete placing temperature 
was below 50° F. 

Compressed air for operating batcher equipment, mixer dump 
mechanism, and other equipment was supplied by the job compressor 
plant aided by a compressor located near the mixing plant. Tow air 
pressure caused operating difficulty at times. 

Operation. 

Operation instructions are given in full in figure 124. When 
aggregates were needed in the storage bins, the upper turnhead oper- 
ator signalled the reclaiming tunnel operator (and his helper) by 
horn and signal light, the latter indicating the size aggregate needed. 
Only one size of aggregate could be run at a time, but sizes could be 
run in any sequence. The tunnel operator opened the gate in the 
roof of the tunnel, and the material flowed on to the tunnel conveyor 
belt, which in turn deposited it on the elevating belt. From this belt 
it passed through a turnhead into the respective bins. 

The first of the two batcher operators weighed cobbles, coarse rock, 
medium rock, and cement, and then signalled with a bell when his 
part of the batch was weighed. The second operator weighed fine 
rock, coarse sand, and fine sand, and dumped all batchers when the 
batching was completed. He then closed all batcher dump gates after 
he had received a signal from the first operator that his batchers were 
empty. The material was dumped only when lights indicated that 
the turnhead was directed toward an empty mixer. Tights on the 
water batcher showed when all inflow and outflow had ceased. A 
glass gage was also provided as a visible check against the lights. 
Water was automatically batched to the amount set by the dispatcher 
and was dumped by the second batcher operator. 

The dumping lights mentioned above consisted of an automatic 
light which indicated the direction of the turnhead discharge, and a 
manually-operated pair — one for the mixer operator and one for the 
batcher dumping operator. This latter light was controlled by two- 
way switches and was turned out by the batcher dumping operator 
after the batches were emptied. It was lighted by the mixer oper- 
ator when the mixer was ready to be charged. At the completion of a 
charge, the turnhead was moved to the next mixer by the mixer 
operator. The moving of the turnhead automatically started a 
mechanical timer which prohibited dumping of a mixer before a 
minimum predetermined mixing time had elapsed. The mixer oper- 
ator emptied the mixer through a hopper into one of two dump 
bodies on the haulage car. Train operators were signalled by horn 
to move up into a position to load, and to proceed to the cableway 
loading trestle. 

Two clean-up men, who acted as relief operators, were assigned to 
ihe plant. An oiler kept the moving parts of the mixing plapt oiled 
and greased, did the greasing on the locomotives, and assisted in 
cleaning the mixers. A mechanic made minor repairs, contacted 
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the mechanical department for major ones, and acted as operating 
foreman of the plant. Electrical maintenance to the mixing plant 
and to the cableway head towers was cared for by an electrician, who 
spent most of his time at the mixing plant. _ 

The complete crew per shift of the mixing plant was: 


Num 

her 


Classification 

Machinist foreman.. 

Electrician 

Duty 

Foreman.. 

Rate of 
pay 

Per hour 
$1.25 
LOO 
.75 
.75 
.60 
.60 
.75 

Aft 

Operators 

Operator 

Helpers 

Oiler. 

Operator 

Helper 

Mixer and two batchers 

Upper turnhead 

Relief operators and plant clean-up 

Mixing plant and locomotives 

Reclaiming tunnel 

do 

Fireman 

Water heating plant— cold weather only.. 

* VVJ 

.75 

Concrete dispatcher 

Operation and inspection.. 

Per annum 
$2, 000. 00 

Mixing plant inspector.. 

Inspection 

1, 620.00 


Dispatching was handled from a small control room on the batcher 
floor. This room was equipped with a control hoard, water batcher 
control, signal switches, telephones, apparatus for determining mois- 
ture content of aggregates, and other equipment. By means of the 
control board, five different concrete mixes could be produced with- 
out resetting the weigh-batcher scale indicators. Five sets of pointer- 
lights on weigh-batcher scale dials operated from the control board 
made rapid mix selections possible. Batch counters for each of the 
five mixes furnished record data. Signal lights controlled by the dis- 
patcher routed transfer trains to the proper cableway. After devel- 
opment of operating technique, it was found possible to deliver sev- 
eral kinds of concrete to two or even three locations in the dam 
without confusion or delays. Success of such complicated operation 
was due almost entirely to the dispatchers who actually controlled 
the entire mixing plant and transportation operations. 

Responsibility was placed upon the dispatcher for taking orders 
from the inspectors in the forms for concrete and controlling the 
plant operation to deliver the correct mixes as desired. Orders for 
concrete were received by telephone. By operation of mix selector 
switches on the panel the pointer-lights for the desired mix became 
illuminated, thus indicating the amount of each material to be 
batched. The dispatcher used light signals to designate to which 
cableway the train was to carry concrete. A shift report was pre- 
pared by the dispatcher showing the amount of concrete poured, 
where placed, the amounts of different materials used, and delays. 
Copies were made for the job, main office, and warehouse. 

The mixing plant inspector acted as a relief dispatcher, helped in 
readjusting the pointer-lights for mix revisions, and checked the 
amount of moisture in the aggregate. He also computed the amount 
of water needed for each mix. He set markers on the water batcher 
for convenience of the dispatcher in setting the batcher overflow, 
and was responsible for checking the mechanical timers. 
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Production. 

Performance of the mixing plant as a whole was satisfactory. Mix- 
ing of concrete was begun on July 17, 1934, and completed in June 
1936. Periods of maximum production on a batch count basis were: 


Month, April 1935 

Dav, January 7, 1935. 
Shift, July 10, 1935 — 


Cubic Cubic yards 
yards per hour 

92,780 157.3 

4, 090 170. 4 

1, 446 180. 7 


The unit mixing cost per cubic yard of concrete was $0,282 An 
approximate breakdown of the unit mixing cost is as follows : 


Cost per cubic yard 


Heating plant $0,013 

Aggregate reclaiming plant . 079 

Mixing plant . 190 


Total mixing cost . 282 

Another breakdown of the unit mixing cost is given in figure 127. 
For the maximum month, April 1935, this unit cost was reduced to 
$0,231 per cubic yard. 



1934 1935 1936 



Figure 127. — Concrete mixer plant — Quantities and casts. 
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The initial cost of the concrete mixer plant erected, including 
aggregate reclaiming tunnel and reclaiming conveyor and structure, 
is given as follows : 


Aggregate reclaiming plant $52, 689. 67 

Mixing plant 83, 719. 15 

Water heating plant 4, 797. 72 


Total concrete mixer plant 141, 206. 54 


Changes in installation and repairs. 

Two of the mixer drums were returned to the manufacturer and 
replaced because the tracks around the drum wore unevenly. One 
mixer was returned after having mixed about 66,000 cubic yards of 
concrete and the other after having mixed approximately 186,000 
cubic yards. Gear castings of two of the mixers were replaced after 
having broken and in each case were replaced by the manufacturer. 

A recording wattmeter for each mixer was installed on the control 
panel for use as a consistency meter. They were not quite suited for 
this use hut were extremely useful in furnishing information to the 
dispatcher, such as approximate mixing time, records of hatches 
mixed, unusual variations in consistency, and in showing which 
mixers were charged. 
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Figure 128 . — Part oj recording wattmeter chart ( consistency meter). 


In the original installation water was put in at the rear of the 
mixer and was directed toward the dumping end. This arrangement 
caused poor mixing and varied consistencies in the mix.. It was 
changed so the water, upon entering, was directed to the right and 
hit the blades as the mixer turned toward it. 

Two four-vane rotary feeders, one between each cement bin and 
hatcher, were installed, 'but these were, changed to eight-vane feeders 
before satisfactory operation was obtained. 

The sand batcher did not dump cleanly when the sand was wet. 
Since this was the usual condition of the sand a small vibrator was 
installed. This did not prove entirely satisfactory and probably a 
larger vibrator would have been more satisfactory. 

Soon after installation., the valves of the water hatcher began to 
leak, due largely to the high pressure on the line. When a low pres- 
sure water supply was provided, leaking continued but in smaller 
quantities. As originally installed, the slope of the discharge pipe 
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from the water batcher was too flat and the pipe from the turnhead 
too small. The slope of the discharge pipe was made greater, and 
pipes from the turnhead were increased to 12 inches for part of 
their length and then reduced to the original 5-inch diameter. Hand 
setting of the water batcher was provided with the original installa- 
tion, but this method was too slow and a motor drive was installed. 
The motor had a flexible shaft connecting it with the batcher over- 
flow adjustment which was changed to a telescoping type because 
of excessive breaking. 

Automobile-type bulbs used for the scale pointer-lights were con- 
tinually breaking. _ A screw-type bulb would be better. Also the 
pointers were so wide that it was impossible to set two of them on 
weights very nearly the same. A narrower pointer would remedy 
this situation. 

Heat should he provided around all bin doors and possibly in the 
sand bins to avoid freezing up in winter. In similar c lim ate the 
batching room should be enclosed and heated. 

Interlocks should be provided so the operator could not dump 
water until the required amount was in the tank and all inflow and 
outflow had ceased. 

TRANSFER TRAIN SYSTEM 

Concrete was transferred from the mixing plant to cableways in 
transfer cars especially designed for the purpose. One gasoline- 
electric locomotive handled each transfer car. Three transfer cars 
and four locomotives — one spare — were provided. All three 1-car 
trains were operated during periods of high concrete production. 

The four locomotives were purchased from the Plymouth Loco- 
motive Works. These locomotives weighed 9 tons each and had a 
pulling capacity of 30 tons. They were powered by a Buda 92-horse- 
power gasoline engine through a Westinghouse 50-kilowatt, direct- 
current generator and a 52-horsepower motor. Their safe maximum 
running speed was 23 miles per hour. Specifications for perform- 
ance called for a starting tractive effort of 5,000 pounds with 25 
percent adhesion and a continuous tractive effort of 1,650 pounds. 

The concrete transfer cars were built to the Authority’s specifi- 
cations by the Insley Manufacturing Co. Mounted on each car there 
were two dump bodies which faced each other and discharged into 
a central hopper which, in turn, discharged into a chute. Each dump 
body was operated by a 15-horsepower motor which received its 
power from the generator on the locomotive. Control equipment for 
tlie transfer cars was installed on the locomotives. Each dump body 
had a 3-cubic-yard capacity, making the total capacity 6 cubic yards. 

Plant lay-out and operation. 

The mixers, at about elevation 1,070, discharged the transfer cars 
which ran the full traverse of the cableways on a standard gage 60- 
pound rail track. A loading platform ran practically the entire 
length of the track and was used as a landing for the concrete buckets 
while they were receiving concrete from the transfer cars. This 
platform was constructed below the level of the tracks to permit 
gravity transfer of concrete from the car to the bucket. A double 
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track led from the mixer plant along the loading platfornij and three 
crossovers were provided to facilitate passage. _ The maximum one- 
way distance of travel for any load was approximately 750 feet. 

The mixers, operating on 3-minute cycles, all emptied through a 
central discharge chute in consecutive order- so that each train 
required about 2 minutes to receive its load. 

Concrete trains approached the mixer plant front one direction 
only and stopped with the forward dump body under the discharge 
chute. When this dump body was filled, a signal from a horn con- 
trolled by the mixer operator notified the train operator to bring the 
rear dump body into place. A second signal was a notice to move 



Figure 129 . — Transfer cars . 


out with the loaded car. As the train left the mixer plant, the 
third mixer was ready to discharge into the next train as soon as 
it was spotted under the chute. 
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washed out and oiled the dump bodies at proper intervals to prevent 
concrete from hardening on the surfaces. Each of the three transfer 
trains was operated by one man at To cents per hour. Direct peak 
operations gas consumption averaged SO gallons per locomotive per 
operating day. 

Job experience showed that the rate of placing concrete was limited 
by the capacity of the concrete xfiant rather than by the speed of the 
transfer equipment or the cableways. The figures of maximum pro- 
duction given in the discussion of the mixing plant were the maxi- 
mum rates handled by the transfer cars. 


Maintenance, repairs, and additions. 

After some use of this equipment, it was discovered that the me- 
chanical braking system was insufficient to stop the train properly 
when fully loaded. An air braking system was designed and installed 
on the job to remedy this trouble. It consisted of standard Westing- 
house railroad air brakes on the front trucks of the transfer cars and 
standard Bendix-Westinghouse, diaphragm-type, automotive brake 
chambers to actuate the original mechanical brake arrangement on the 
locomotives. 

The abrasive action of the concrete wore the surface of the dump 
bodies, hoppers, and chutes rather rapidly. The greatest wear in 
the dump bodies occurred in the impact areas where the concrete was 
received and the lips over which it passed in dumping. The greatest 
wear on the hoppers was about one-third of the way from the top 
where the mass of the concrete met the walls. Chutes wore at the point 
where the bulk of the concrete met the trough and at the point of 
departure. All worn surfaces were reinforced with %-inch steel 
plate welded in place. 

Originally a rope hoist which lowered the discharge chute was 
manually operated from the locomotive cab, but this was later modified 
by attaching the rope to the forward dump body in such a manner 
that its dumping automatically lowered the chute. When the first 
dump body had discharged its load, it was returned only partially, 
Emitting the chute to remain down, while the second dump body 
las discharged. 

A fiat-braided cable, located in a channel bent to form a circular 

1 i*c and connected to the dump body hoisting motor drive had a ten- 
ancy to break at the point of connection to the dump body. This was 
axially remedied by placing a metal strap across it at that point. 

I lertain weaknesses in the lay-out of the concrete hauling system 
oiii became evident once operations were under way, but owing to the 
>Cf »2Taphy of the site not all could have been eliminated. A track 
ttMimit curves would be desirable to permit clear vision for the op- 

K i>r when hacking. A few minor collisions resulted from the oper- 
^inability to see well under such conditions. To minimize delays 
i misunderstandings, all trains should be routed through the mixer 
Jt|ln the same direction, using a track around the mixer. 

In the whole, the concrete haulage system worked well, the con- 
forces being generally satisfied with its performance. The 
f mechanical troubles and modifications have been explained, 
ese weaknesses were remedied no further difficulty arose, and 
as performed reliably and efficiently. 
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Cost. 

The cost per cubic yard of concrete, based on 989,299 cubic yards 
handled by the transfer cars and cableway buckets, is shown in figure 
180. The cost per cubic yard of concrete handled by transfer cars is 
made up briefly as follows : 



Total cost 

Cost per 
cubic yard 


$33, 745. 97 

$0,034 

MiscclliiiGoiis GxponsB. - - . - 

20, 718. 17 

.021 

Repairs - - 

42, 956. 18 

.043 

Depreciation 

55, 508. 57 

.056 

Total 

152, 928. 89 

.154 






1934 1935 


Figure 130. — Concrete haulage — Quantities and costs. 

CABLEWAYS 

Concrete was carried in buckets from the transfer track loading 
platform to any desired location at the dam or powerhouse by two 
traveling, thrust- wheel type cableways. Flexibility of operation was 
such that after operating technique had been developed, it was pos- 
sible to place concrete in one location with both cableways simul- 
taneously without delay by synchronizing traversing of the cableway 
towers. Originally expected to handle 3,000 cubic yards of con- 
crete per day, the two cableways handled 4,000 cubic yards with 
ease even over long hauls. With short hauls, one cableway placed 
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concrete at a rate of 140 cubic yards per hour for extended periods. 

The cableway method of concrete placing was well adapted to the 
conditions at Norris, and the design and operation of the equipment 
installed was remarkably satisfactory from the standpoint of both 
concrete quality and cost. Unfortunately, combinations of circum- 
stances did not permit operation of both cableways at full capacity ; 
and their full value can be estimated only from performance under 
the conditions imposed. In comparison with other more complicated 
systems, the results were most gratifying. In combination with the 
transfer system employed, the cableways permitted delivery of con- 
crete to its final position in the form with a minimum of segregation. 
In addition to the main purpose of placing concrete, the cableways 
handled a large portion of the heavy permanent equipment in the 
dam, closure gates, forms, pipes, and other items, to locations difficult 
of access by other means. 

Previous cableway experience. 

Norris Dam was the third construction project to use heavy-duty 
cableways supported on traveling towers especially constructed to 
take the horizontal thrust entirely through a set of horizontal thrust 



Head tower 
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Figure 131 . — Comparison of recent cableway installations. 

wheels. The first project to employ this type of heavy-duty cable- 
way was Madden Dam in Panama. Soon after the successful use 
of the Madden Dam cableway, three similar installations with spans 
ranging from 1,365 feet to 2,575 feet were made at Boulder Dam. 

Previous to these three installations on projects where traveling- 
type cableway towers were used, towers were usually mounted on the 
heaviest type of railroad track, and the entire horizontal thrust was 
carried by the wheel flanges. As the projects grew in size, the loads 
were increased and the number of vertical wheels necessary to sup- 
port the towers and at the same time carry the horizontal thrust 
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through the wheel flanges was greatly increased. _ This excessive 
flange load caused a great many broken axles and, with the resulting 
shutdown in work 'while repairs were being made, caused additional 
expense. 

The thrust-wheel type cableway permits the entire horizontal thrust 
to be placed on the back side of the runway ; whereas, on the vertical 
flanged-wheel type cableway as high as 80 percent of the thrust is 
taken by the front edge of the runway under full load. The use of 
thrust wheels at Norris permitted the earth-fill runway at the tail 
tower to be built 10 feet narrower than the width which the conven- 
tional type would have required. In the case of the head tower 
runway, it would have been dangerous to permit thrust on the front 
of the runway because this was directly on the edge of the bluff. 
This was especially true where trestles were necessary at the ends of 
the head-tower runway. Tor these reasons towers with horizontal 
thrust wheels at the back of the runways were chosen. This type of 
design later proved its effectiveness when a “cave in 55 occurred 
under the head-tower runway. It was conceivable that one of the 
cableways might have been badly damaged had not the horizontal 
thrust been transmitted to the back of the runway where it was 
solidly anchored into the hill. 

The 6-cubic-yard buckets used with a cableway span of 1,925.5 feet 
would cause a horizontal thrust on the towers of over 200 tons, 
obviously too great to carry on wheel flanges. A thrust wheel type 
tower was clearly necessary under these conditions, as the use of 
smaller buckets would require a longer time to build the dam, and 
the cost of placing concrete would be correspondingly higher. 

Preliminary investigations. 

In preliminary investigations several methods of placing concrete 
were considered. Both the use of a high trestle with whirley cranes 
for placing concrete and the use of a derrick installation were studied. 
Although the initial cost of these alternate schemes was considerably 
cheaper than the cableway scheme, the large quantity of concrete to 
be placed justified a large capital outlay, provided sufficient practical 
advantages for the cableway made it desirable. The following ad- 
vantages were considered sufficient to justify the increased cost of the 
cableway installation : 

1. Clear access was provided to all parts of the work at all times. 
Trestles and derricks are often in the way. 

2. A hoisting capacity of 18 tons was provided at all parts of the 
job at any time, and a load could be transferred easily from any 
part of the job to any other. Loads up to 50 tons could be handled 
by using two cableways, and making special provision for careful 
handling to avoid impact. 

3. Penstock sections, powerhouse steel, drum gates, roadway bridge, 
form panel assemblies, and other miscellaneous equipment could be 
transferred and set in place without making special derrick set-up 
or otherwise making special provision. 

4. A short span and favorable runway topography brought the 
cableway cost to a minimum for such installation. 

5. The necessity for continually shifting derricks, changing guy 
wires, and altering and removing trestles was eliminated. 
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Equipment. 

The cableways were purchased in January 1934. Several manu- 
facturers cooperated in furnishing the complete equipment. Lidger- 
wood Manufacturing Co., Elizabeth, 1ST. J. 5 furnished the cables, 
carriages, hoists, motors, and control equipment; while the towers 
were contracted by the Virginia Bridge & Iron Co., Roanoke, Va. 
The original installation of operating cables and track cables was 
manufactured by the American Steel & Wire Co. Electrical equip- 
ment was manufactured by the General Electric Co. Trucks for the 
towers were manufactured by the Whiting Corporation. 



Figure 132 . — Thrust rail and ball and socket truck connection . 


Bids were opened on December 6, 1933, and an exhaustive and^de- 
t ailed analysis was made. The bidders’ designs of the steel towers 
and loads and stresses were carefully checked. A detailed comparison 
was made of the hoists, motors, and all mechanical and electrical 
equipment that were offered, and all details were carefully compared. 
In analyzing the bids, a comparison of the cost of runways was made 
with the various types of towers submitted. In some cases the design 
of the towers themselves necessitated extra runway cost to provide for 
the horizontal thrust. Final analysis was made on the basis of the 
total cost of the entire installation including runways. 

Design data . — Among the noteworthy features incorporated in the 
design of these cableways were thrust wheels on each tower to take 
up the horizontal thrust, a ball and socket connection between the 
trucks and the tower frame, and trucks designed to equalize and dis- 
tribute the load evenly on all wheels. This latter feature provided 
for the even distribution of weight on the truck wheels at all times 
even though the runways might settle and get out of line. The 
value was clearly demonstrated when the green fill of the tail tower 
runway settled as much as 5 inches without causing damage to the 
structure or truck axles. 
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Each cableway was designed to operate as follows : 

Full load tons (plus 25 percent for impact) 18 

Load at continuous operation tons — 16 

Lowering speed at full load feet per minute 400 

Hoisting speed at full load do 300 

Carriage travel at full load do 1, 200 

Traversing speed of towers do 50 

Eegeneration took place when lowering the load, and when run- 
ning down slope with the carriage. It was not possible to raise or 
lower the load with the carriage in motion. However, normal opera- 
tions could continue while the towers were traversing. 

Each cableway consisted of a head tower located on the west bank 
of the river and a tail tower on the east bank, with a horizontal span 
of 1,925.5 feet. The towers were connected by a track cable upon 
which ran a carriage, and suspended from the carriage was the main 
fall block or hook. The suspension point of the tail tower was 68 
feet lower than, a similar point at the head tower. The towers of 
each unit ran on parallel tracks perpendicular to the dam axis, and 
operated simultaneously at the same speed. The lay-out of the job 
was such that from the point at which the cableways received the 
concrete, haulage was generally downward until it was placed in the 
forms. 



Figure 133. — Cableway lay-out. 


Towers and n&nways . — The head towers were located on the west 
side of the river. The vertical section of the tower was a right angle 
with the base level, and the back leg vertical. This vertical side is 
75 feet from the rail to the suspension point of the track cable. Each 
tower was designed to withstand the horizontal pull of the track 
cable, operating cables, and light and conductor cables. These hori- 
zontal pulls were calculated to be : 


Tracis cable pull, 18-ton load midspan 362, 000 pounds 

Operating cable pulls 31, OOO pounds 

Light and conductor cable pulls 60, OOO 1 pounds 


Total without impact 453, 000 pounds 

In addition, impact equal to the stress added by increasing the load 
on the track cable 25 percent was provided for. The head tower 
carried 390 tons of counterweight as well as the operating cab, main 
hoist, traversing equipment^ and electrical and operating equipment. 
The counterweight was designed equal to 25 percent more than the 
weight required to balance a 25-ton load at midspan. The tail tow- 
ers were similar to the head towers in the vertical section, having a 
height of 110 feet from the runway rail to the suspension point of 
the track cable. They were designed for the same horizontal pull 
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as the head tower and carried 445 tons of counterweight, as well as 
the traversing motor. _ Two lines of floodlights were suspended be- 
tween the head and tail towers of each unit. This floodlight system 
consisted of 34 1,000-watt lights, IT on each cableway. 

Power was supplied at 2,200 volts to a 3-wire trolley in the rear 
of the towers. G-eneral views of both head and tail towers are 
shown in figure 134. 

Gables and carriage . — A 3-inch American Steel & Wire Co. locked 
coil type track cable, 1,900 feet long between sockets, was stretched 
with a 514 percent sag between the suspension point of the head and 
tail tower of each unit. Under a full load of 18 tons, a tension of 
362,000 pounds excluding impact was developed in this cable. The 



Figure 134 . — Head and tail towers. 


sag of the track cable provided 40 feet clearance above the top of the 
dam when under full load. At the tail tower a 1%-inch take-up 
cable reeved as a 10-part line connected the track cable to the tower 
and permitted the sag in the main cable to be adjusted when neces- 
sary. 

A carriage mounted on twelve 24- inch roller sheaves ran on the 
track cable and carried the main fall block and hook. ^ It was made 
up of two sections, the main carriage and the auxiliary carriage. 
Each section was supported on six 24-inch diameter roller-bearing 
track wheels. These wheels were equalized to provide as nearly as 
possible equal loads on the track cable. The carriage supported a 
25-ton hook mounted on a swivel bearing on the fall block. This 
fall block contained two 44-inch diameter sheaves mounted on roller 
bearings. Each section of the carriage supported a sheave to carry 
the hoist line. The reason that these sheaves were placed separately 
in each carriage, instead of side by side in one main carriage, was 
twofold: (1) This arrangement spread out the load in such a way 
that more track wheels could be used, thus reducing the maximum 
wheel load on the track cable ; and (2) it provided a means of pre- 
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venting the hook and fall block from spinning. With this arrange- 
ment the bucket always faced the same way and did not spin in the 
air. 

!For moving the carriage back and forth along the track cable, a 
1-inch endless line 4,110 feet long was used. The hoist line was a 
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Figure 136 . — General arrangement of cables and carriage. 
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%-inch cable 2,500 feet long. It ran from the hoist drum at the 
head tower to the carriage, where it raised or lowered the load by a 
four-part line on the fall block and hook. The button line was a 
%-inch cable, 2,025 feet long. Twelve buttons were located on 
this line. They varied from a diameter of 1% inches near the head 
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tower to S T % inches near the tail tower at intervals of 170 feet across 
the span. The purpose of this cable was to distribute the slack cable 
carriers at even intervals across the cableway span. 

To move the towers perpendicular to the dam axis, each tower 
had 2,100 feet of % -inch traversing cable forming a four-part line 
which passed through blocks at each end of the tower runway. This 
cable made four turns on the endless drum of the traversing winch 
and dead-ended at the tower. & 

Operating equipment . — The main hoist consisted of three drums 
mounted in tandem and connected by separate clutches to the gear 
train which was in constant mesh with the motor spur gear. One 
drum was used for the endless line, the second for the hoist line, 
and the third, which on this cableway was not utilized, could be used 
for a spare. The endless line made four and one-half turns on the 
movable wearing plates of the endless drum. As originally equipped, 
the three main clutches were furnished to operate through a mag- 
netically controlled air valve. This arrangement was later changed 
to a direct air system. Each drum was also equipped with a 
V-brake, weight set, and released by a magnetically controlled air 
valve. Air was supplied by two 50 cubic feet per minute compres- 
sors for each to wen A 400 -horsepower variable speed induction 
motor was used to drive the main hoist. It operated at six speeds in 
either direction and was equipped for regenerative breaking and 
full stop under load. Tor traversing the towers, a 75-horsepower 
variable speed induction motor was used. 

Safety features . — The following safety features were incorporated 
in these cableways : 

1. An overspeed tachometer from each drum automatically set 
the brakes in case of a runaway. 

2. ]STo- volt age relays set the brakes in case of a power failure. 

3. The third drum of the main hoist, not used at Norris, was 
permanently connected to the hoist drum to allow the use of both 
brakes and frictions in the hoisting operation. 

4. Limit switches on the towers made it impossible for the towers 
to collide or run oT either end of the track. 

5. Skew limits prevented the head tower or tail tower of one 
cableway from getting more than 40 feet out of line. 

6. The original design of the cableway provided for dumping 
the buckets from the cableway tower. This idea was abandoned, 
however, because of the possibility of the danger of accidentally 
dumping the bucket in midair. 

Tests . — In order to confirm design assumptions, several tests were 
made and considerable data secured which in general check the 
results given by the design formulas, and in particular point the 
way to certain precautions to be used in the application of these 
formulas. Tests with a Martin-Decker heavy-duty tension indi- 
cator were made to determine actual stresses in the button cable, the 
outhaul cable, the carriage tie, the hoisting cable, the tower travers- 
ing cables, and the 10-part take-up cable, the latter being translated 
into actual stresses in the main track cable. 

Before the cableways were placed in operation a series of load 
tests was made. The test load was conveyed, lowered, and raised, 
and the towers were traversed. The brakes were severely tested by 
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allowing the load to run away and be caught by the brakes. Safety 
devices were checked, and the entire installation, carefully inspected. 

Operation. 

The system of operation of these cableways provided for the loca- 
tion of the operator in a control cab where he could see the work 
and observe the performance of the cableway in handling its load. 
He also had the further advantage in this case of seeing the tail 
tower. All operations were by remote control. 

The operator acted on instructions received from one of two 
signalmen by telephone through a loudspeaker in the cab. One 
signa lm an was located at the loading point to control the loading 
and dispatching operations, while the second signalman was at the 
discharge point and controlled operations there. All three men 
were in two-way communication at all times. Every operation was 
ordered by a signalman, and the operator took matters in hand 
only in emergencies. The value of the visual control system in 
preventing serious accidents was demonstrated several times on this 
job. 

The concrete bucket was of the bottom-dump type with a water 
level capacity of 1% cubic yards. Normally, however, only 6 cubic 
yards of concrete were carried to keep within the capacity of the cable- 
way. The bucket was especially designed to reduce the “bounce” when 
it was dumped and in turn lessen the vertical oscillation and impact 
on the track cable. 

To cause the filled bucket to swing clear of the transfer tracks, 
trucks, and trestle, the carriage was run a few feet outward just 
prior to hoisting. The bucket was then hoisted high enough to 
clear all obstructions to the point of dumping and the carriage run 
out. The carriage was brought to a stop in such a way as to elimi- 
nate swing of the bucket. After lowering and dumping, the bucket 
was again raised to clear obstructions, and the carriage was returned 
to the loading point. The bucket was lowered to the loading plat- 
form as it swung slightly, to permit the best landing. 

This cycle could be completed to any spot within range of the 
cableway within 4 = minutes. At times at close range it was made in 
2 minutes. Efficient cableway operation depended not only on the 
cableway operator, but also on the locomotive operator who spotted 
and dumped the transfer cars and on the dump man in the forms. 

During peak production, four crews each worked 6 hours. The 
cableway operated 23 hours per day, 1 hour being taken for inspec- 
tion and greasing. In addition to the general cableway foreman, 
the normal operating crew necessary for two cableways was: 


Number 


2_. 

1 _. 

1- 

4- 

1 _. 


Total. 


Classification 

Hate of pay 
per hour 

Operators _ 

$1.60 

1.00 

.60 

1.00 

1 1.00 

1 1.50 

Head tower oiler 

Tail tower oiler _ 

Signalmen 

Foreman _ 

do _ _ 





Total cost 
per hour 


$3. 

1 . 

4 ! 

1 . 

1 . 


11. 10 


* Acted as spare operators when necessary. 


gggggg 
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Most of the operators had had previous cableway experience before 
their employment at Norris. The signalmen and the oiler in the head 
tower were riggers who showed special ability in their respective jobs, 
while the tail tower oiler was a semiskilled laborer. Each of the fore- 
men was a former operator. 

Performance. 

Concrete constituted about 97 percent of the tonnage carried by the 
cableways. In addition, they were used to handle the following equip- 
ment and materials to April 1, 1936 : 


Weight 

Item - ira tons 

Construction machinery 1 210 

Dam closure operation 223 

Dismantling concrete, cofferdam No. 3 3, 850 

Drum gate steel and machinery 6S0 

Excavation 1 22, 500 

Form hoists 1 11, 250 

Form lumber 3 3, 400 

Grout cement 1 4, 840 

Penstock steel 580 

Pipe and conduit 1 500 

Powerhouse permanent equipment 1,760 

Powerhouse structural steel 810 

Reinforcing steel 1 2, 800 

Riprap, east embankment 8,100 

Road material and maintenance 3 S75 

Spillway bridge steel 375 

Outlet conduit equipment 1, 087 

Tile and rock for drains 900 

Timber cribs for cofferdam 1 4, 375 

Tractor gate and operating machinery 385 

Trashraek steel 575 


1 Estimated. 

2 Based on assumption that cableway handled forms twice ; once when they were moved 
to the block, and once when they were no longer needed. 

Material that came in by truck was taken from a road that extended 
to the foot of the dam next to the powerhouse on the east side of the 
river. Eor such unloading, the cableways traveled to a point down- 
stream from the dam. Since the carpenter shop was located within the 
range of the cableways, forms built there could be moved directly to the 
point at which they were to be used. 

The maximum placement of concrete in a single month for both cable- 
ways was in April 1935, with 92,780 cubic yards. In this period the 
average hourly placement was 157.3 cubic yards for both cableways. 
The maximum 24-hour placement was made January 7,^ 1935, when 
4,090 cubic yards were placed for an average of 170.4 cubic yards per 
hour. The maximum rate in a single shift was made July 10, 1935, 
when 1,445.8 cubic yards were poured between 4 and 12 p. m. for an 
average of 180.7 cubic yards per hour. Under perfect conditions one 
cableway placed 162 cubic yards per hour, but normally 120 cubic yards 
per hour could be placed at continuous operation. 

The average concrete-placing cycle remained about constant for both 
high and low placement operations. This was due to the fact that when 
placing in higher blocks the bucket had to be raised high enough to 
clear all obstructions, while in the early part of the j ob the bucket could 
be operated at the level of the loading platform in traveling to and 
from the forms. 


155S13 — to 20 
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The cableways were limited to 180 cubic yards per hour, the capacity 
of the mixing plant operating on a 3-minute mixing cycle, which was 
more or less the limiting condition of the entire plant. Minor delays 
to concrete placement were caused by one cableway making several lifts, 
such as lumber or form hoists. It was a practice to stagger the time 
of these lifts through a shift, as one cableway could be off 10 minutes 
and come back on to clear the accumulated concrete from the loading 
track without delaying the mixing plant. The same condition was 
encountered in changing from one form to another. Here again one 
cableway carried more than its share of the concrete until the crew of 
the other had moved to another form and was ready again to begin 
placing. 



Figure 137 . — Both cableways handled heavy pieces of equipment. 


A summary of the performance of these cableways in the handling of 
concrete and other materials from July 17, 1934, to April 1, 1936, is 
shown in table 72. 


Table 72 . — Cableway performance 



Cableway 
No. 1 

Cableway 
No. 2 

Total 

Elapsed hours 

14, 496 
3,713 

14, 399 
4, 243 

28,895 

7,956 

Idle 

Gross operating hours _ 

10,783 
998 1 

10, 156 

1, 107 

20, 939 
2, 105 


Net operating hours 

9, 785 
7,295 

9.049 i 
6,085 j 

18,834 
13, 380 

Placing concrete 

Total other work ___ 

2,490 

577, 840 
35, 010 
79.2 
14.1 

2, 964 

427, 090 
33, 272 

70.2 

11.2 

5,454 

1, 004, 930 
68, 282 
149.4 
25.3 

Quantities handled: 

Concrete (cubic yards) 

Other work (tons) ... 

Concrete (cubic yards per net hour) . 

Other work (tons per net hour) _ 


Delays listed in the above table amounted to 9.2 percent and 10.09 
percent of the gross operating time for cableways Nos. 1 and 2, re- 
spectively. Each cableway consumed, exclusive of lighting, an aver- 
age of 66.2-kilowatt hours of electricity per gross operating hour. 

Although each unit operated separately under ordinary conditions, 
both were used for placing loads in excess of the capacity of one 
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cableway, but within the combined capacity of both. This arrange- 
ment was used to place the following material ; 



* Weight of 
j load (tons) 

Amount placed 

Penstock sections (20 feet diameter by 20 feet long) j 

Powerhouse crane girders (62 feet 3 inches long) j 

Generator rotor __ 

30— 40 
33 i 
35 
30 ! 
51 ! 
40 j 

5S6 tons. 

2 girders. 

1 unit. 

8 sections. 

2 units. 

6 girders. 

Generator stator frame sections 

Turbine water wheels 

Spillway bridge girders (107 feet long by 7 feet 1 inch deep)_ 



The turbine water wheels constituted the heaviest load handled by 
the cableways. This load was lifted about 1 foot and carried about 18 
feet, utilizing a_ lifting beam. The 48-ton wheel, together with the 
6,S00-pound lifting beam, made a total load of 51 tons or 25*4 tons 
per cableway. 

Maintenance and repairs. 

The largest recurrent repair item consisted of operating cable 
replacement and maintenance. Whenever possible operating cable 
changes were made on Sundays, but in many cases changes had to be 
made during normal working time. At first these changes took con- 
siderable time, but later they could be made in an average time of 
1 hour for either a button or load line, and 3 hours for an endless 
line. Cables were inspected and greased every day during peak 
operations, but later they were inspected every second day and 
greased once a week. While this maintenance and replacement could 
be made with as few as four riggers, more were often used to speed 
up the operation. These men formed a separate rigger crew and 
were used for all similar operations on the job. 

The track cable was turned one-eighth of a revolution about its 
horizontal axis every 6 weeks to present a new rolling surface to the 
carriage wheel. At first the button lines failed at a point in front of 
the buttons. This seemed to be caused by the slack carrier rebound- 
ing after striking the button and hitting the cable, causing undue 
wear at that point. This was overcome to a considerable extent by 
slipping a pipe sleeve about 18 inches long over the cable in front 
of the Jbutton so that much of the blow from the carrier was taken 
on it rather than on the cable. 

Cable performance during the first 16,947 hours of operation is 
shown in table 73. 

The only repair of major proportion was caused by the failure of 
four of the six main hoist -brake flanges on the main drum. Two 
failures occurred during the period when the operators were being 
broken in. These two drums were returned to the factory for re- 
pair. The other two failures occurred when the unit had operated 
2,221 and 8,523 hours, respectively, and were repaired^ on the job. 
This repair consisted of cutting off the broken flange, with a cutting 
tool mounted on the main hoist frame, while the drum was being 
turned with a small air hoist. A new cast-iron flange was then 
bolted to the drum to complete the repair. 

After the cableways had completed their work, the two remaining 
original brake flanges were cut from the drum and replaced with new 
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flanges. This was done as a precaution against breakage that might 
occur when the cableways were transferred to another job or sold. 

In May 1935 a portion of the head tower track caved in as a re- 
sult of displacement of the natural earth base which had become 
saturated and moved into a subterranean cavern. Repair work re- 
quired the excavation of a large quantity of clay and the construc- 
tion of a reinforced concrete bridge across the cave-in to support 
the tracks. 


Table 73 . — Cable performance during first 16,947 hours of operation 


Line 

Size and type 

Number 

replaced 

Average 

operating 

hours 

Material 
cost per 
operating 
hour 

Button,— 

/M-ineh regular-lay 

134-inch flat strand 

10 

534.3 

$0,591 

5 

1, 586. 8 

.286 

Endless . 

/1-inch regular lay 1 

7 

1, 149. 3 
1, 467. 6 
887.8 

806.5 
1, 936. 0 
5, 625. 0 

567.6 

.795 

Load 

\l-mcti fl&t strand- .. «. *. _ . _ — .. 1 

pi-inch regular lay 

16 

.888 

.519 

Traversing (new only) 

£i-inch 6 by 19 regular 

6 

• 851 
.333 

Take-up __ 

l^i-inch 6 by 19 regular 

2 

.053 

Endless drum 

With regular lay. 

6 

.577 

Wear plates (partial record) 

With flat strand (sets) 

2 

2, 478. 6 

.129 


1 Does not include one cable thiat broke after 86 hours’ operation. 

Note. — After cable-ways had been operated for a considerable period, used endless and hoist lines were 
used to replace worn traversing cables. These hours are less than the total operating time of the cableway 
because the actual life of cable could not be determined after 16,947 hours of operation. 


Except for the change in method of operating the main clutches, 
as mentioned previously, the original design was altered but slightly. 
A small change was made on the main circuit breakers, as they had 
a tendency to arc to ground. The timing of the automatic relay for 
the motor control was also changed. 

For electrical maintenance, an electrician spent part of his time 
at the head tower and was always at hand at the mixing plant for 
emergency work. 

From the experience gained in the operation of the cableways, the 
following recommendations were made by the job forces as guides 
in the future use of the equipment : 

1. Use of pipe sleeves on button line in front of each button. 

2. Use of flat strand operating cables for button line and endless 
line use. 

3. Reversing endless line end for end to distribute wear on this 
cable more evenly. 

4c. Using longer than necessary load lines so that short sections 
can be cut off the drum end to distribute wear more uniformly at the 
point where the load line makes the second lap around the load drum. 

In addition to the above items, the following points are worthy 
of consideration in the construction of future cableways of this 
type : 

1. Use of chain or gear drive instead of traversing cables for mov- 
ing cableway towers. 

2. Runways skewed with the axis of the dam, permitting both 
cableways to work on the axis of the dam at one time. 
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3. Placing the out haul sheaves of the endless line off center from the 
main cable to prevent the endless line from striking the other cables. 

4. Reverse position of head tower and tail tower which would pro- 
vide a straiglit-line pull on outgoing endless lines. 



1934 1935 



1934 1935 


Figure 138. — Cableway — Operating time and costs . 

Cost. 

Operating cost for these cableways is shown in table 74. 


Table 74 . — Analysis of cableway operating costs 


1 

Total 

Cost per 
hour 

Operation; 

Labor .. - 

Expense (power, air, lubricants, etc.). 

$113,721.56 
20,431. 10 

$5. 437 
.977 

Total operation 

Repairs and Maintenance 

134,152.66 

105,073.02 

6.414 

5.023 

Total operating cost, less depreciation. . 

Cost of reconstruction due to cave-in 

239,225.68 

63,723.25 

11.437 

3.046 

Total per net hour (20,918 hours) operating distribution less depreciation — 

302,948.93 

14.483 


A. summary of the cableway costs including depreciation, but 
without cave-in reconstruction costs, is shown in figure 138. 
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BUCKETS, FORMS, AND VIBRATORS 

Buckets. 

Three square 6-cubic-yard-capacity bottom-dump buckets, one 
T-cubic-yard controllable bottom-dump bucket, and one 3-cubic-yard 
controllable side-dump bucket were used to transport the concrete 
from the transfer car loading platform to the forms. The bucket 
being used remained hooked to the cableway continuously during 
concrete operations. 

The square 6-cubic-yard buckets were designed by the Authority and 
were made by the Insley Manufacturing Co. Before these buckets 
were constructed, a model bucket was made and tested in connection 
with the cableway design. Two buckets, whose inside dimensions 
were 5 by 5 by 7 feet, were delivered July 2, 1934, at a cost of $955 
each. Each weighed approximately 6,900 pounds. As a result of 
job experience, several changes in design were made. A 12-inch 
lip was added and a pneumatic dumping arrangement replaced the 
manual arrangement of the first buckets. These changes were in- 
corporated in the bucket delivered September 14, 1934, and 
increased its cost to about $1,090 and weight to 8,000 pounds. 

The Blaw-Knox Co. designed and manufactured a controllable 
roller -gate, bottom-dump, 7-cubic-‘yard bucket. This bucket had 
an over-all height of 10 feet 3 inches, an outside diameter of 8 feet 
6 inches, and weighed 6,250 pounds. The baffle and gate were set on 
an angle to insure vertical discharge. It was secured November 6, 
1934, at a cost of $1,320. 

A 3-cubic-yard side-dump bucket was made in the machine shop 
at the dam at a cost of $959. It had a height of 8 feet 8 inches, was 
4 feet 2 inches square and had a discharge chute 31 inches long and 
20 inches wide. 

In placing the mass concrete in open forms, the square-bottom 
dump bucket was used. In smaller forms, when it was not advisable 
to dump all the load at one time, the 7-cubic-yard round bucket was 
used. This latter bucket poured all of the small upper lifts of the 
dam, most of the training and gravity walls, and a large part of 
the concrete in the powerhouse. When forms were so located that 
the bucket could not be swung directly over them, or when they 
required very small quantities of concrete, the 3^cubic~yard side-dump 
bucket was used. For pouring into hoppers from which concrete 
was delivered to the 'forms by chute or for loading trucks from the 
cableway, either of the controllable dump buckets was satisfactory. 

The first 6-cubic-yard square buckets were not completely satisfac- 
tory because of the slowness in dumping and because they would not 
hold 6 cubic yards of the type concrete produced. To dump these 
buckets required the effort of several men and often 5 or more minutes. 
Almost immediately experiments were begun to develop methods of 
improving the dumping mechanism. Air operation of the dump 
seemed most feasible because of its safety, and for this reason a 
O-ineh chamber with a 20-inch piston stroke was installed to raise 
the dumping bail. Air could be admitted on either of two sides 
of the bucket at the operator’s choice — a two-way check valve in 
the line to the chamber directed the air to the piston. This ar- 
rangement opened the gate satisfactorily, but the bail had to be 
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unlatched by hand. This slowed the operation and resulted in 
injury to several operators 5 hands. A 4-inch chamber, with a piston 
of shorter stroke than the larger one, was placed near the 6-inch 



Figure 139- — Concrete buckets* 


chamber and connected with the same air line. This smaller piston 
actuated the latch and, because it required less pressure to operate, 
unlatched the hail before the larger piston moved. 
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In the operation of these buckets, dumping . required the work of 
only one man carrying a light air hose. A. quick-opening valve and 
a push-fit connection was provided for attaching the hose to the 
receptacle on the bucket. Buckets were self-closing and, aside from 
occasional removal of accumulated material around the dumping 
mechanism and doors, required no manual attention during use! & 

Relatively stiff concrete was placed in the dam. When it was 
poured into the original square buckets, it piled up so that some 
was wasted on the trestle and some was left in the chute of the 
transfer cars. Falling material from overloaded buckets passing 
overhead was a menace to the workers. A 12-inch lip around the 
top of the bucket, inclined to the side walls of the bucket, proved 
too low to prevent this spilling, and an additional vertical section 
8 inches high was added. ^ The third of the square buckets required 
only the addition of the 8-inch section. 

All buckets were provided with sturdy bases and side bumpers 
to prevent damage during landing on the platform of the cableway 
transfer track. Horizontal projections were fitted with sloping 
fillets to prevent accumulation of mortar or rocks which might fall 
and injure workmen below. The buckets were inspected regularly 
and were removed from service when worn or damaged parts were 
found. 

Forms. (See chapter 6 .) 

Concrete in the dam was placed in 5-foot lifts in construction 
blocks generally 56 feet in width and up to 200 feet in length, de- 



Figure 140 . — Krane Kar placing panel form. 

pending on elevation. Panel forms made of wood were used for 
plane concrete surfaces of the dam. 

The forms were built in the carpenter shop complete and ready for 
use. The shop was built 'with a large platform on one end and was 
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so located that forms could be removed from the platform by the 
cableways and carried to their destination in the dam or powerhouse 
urea. Stripping and setting of panel forms in the blocks of the dam 
were done by Krane Kars. Each Krane Kar unit consisted of a 
three-wheel, self-propelling, rubber-tired gasoline crane equipped 
with a 14-foot jib type boom, front wheel drive, and rear wheel 
steering. Boom capacity was 5,000 pounds at a 5-foot radius and 
2,500 pounds at a 10-foot radius. The extreme mobility and small 
clearances required were features which enabled it to be used inside 
the forms. 

Vibrators. 

All concrete except that in very thin or heavily reinforced sec- 
tions was consolidated by Electric Tamper &> Equipment Co.’s VS-4 
two-man internal vibrators operating on three-phase electric power. 



Figure 141 . — Vibrators for mass concrete. 

It was recognized before the vibrating equipment was purchased that 
60-cycle power available would not provide a vibrating frequency 
desirable for placing dry concrete. Consequently, frequency chang- 
ers, consisting of slip-ring motors V -belt driven by induction motors 
were provided to increase vibrating speed. Concrete placing started 
with 68-cycle power supplied to the vibrator. This frequency was 
increased by changing V-belt pulley sizes until 80 cycles were reache d. 
At this frequency no-load vibrating speed was 4,800 per minute. 
The actual speed under load was probably about 4,500 per minute. 
Eighty-cycle operation was adopted in January 1935 and maintained 
throughout the remainder of the job. Surface vibrators or p uddlers, 
also manufactured by the Electric Tamper & Equipment Co-, were 
used to compact top surfaces of completed concrete lifts. Both types 
of vibrators operated efficiently at the highest speed, and by a very 
thorough inspection' and maintenance, operating costs were kept com- 
paratively low for this type of equipment. , 
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OTHERICONSTRUCTION PLAOT FACILITIES 


As stated previously, tlie production of concrete and its placing were 
the primary considerations in setting np the construction plant facil- 
ities; however, other facilities were required in construction work. 
Equipment for excavating, grouting, and hauling; machine and 
carpenter shops; roads and bridges; and air, water, and power supply 
were all a very necessary part of this plant. Special equipment for 
each particular construction operation is described along with the 
discussion of that operation in chapter 6. 


Foundation excavation, drilling, andjgronting. 

Spoil from all cofferdams was removed by 134 -cubic-yard shovels 
and a fleet of 3-cubic-yard dump trucks. During the excavation of 
the first cofferdam area, this equipment was supplemented by the 

two 3 -cubic-yard electric shovels 
and 12 -cubic-yard dump trucks. 
This latter equipment was later 
moved to the quarry. Final clean- 
up of the foundation area was 
done by hand labor . Blast hole 
drilling was done by jackhammers 
except a part in the powerhouse 
section where wagon drills were 
used. All line drilling was done 
by wagon drills. 

Shallow grouting, curtain grout 
ing, and grouting of the rim of 
the reservoir were the three gen- 
eral types of grouting performed. 
Three-inch and 5^/2 -inch wagon 
drills, and shot core drills were 
used in the dam area. Diamond 
drills were employed for most of 
the rim drilling, but two chum 
drills were used for a small por- 
tion of this work. The diamond 
and churn drills worked on contract. 

Four calyx core drills, three electric and one gasoline, were used 
for the drilling of foundation grout holes. 

These drills operated 13,065 hours on 5*4 -inch gallery holes, 5,769 
hours on 3-inch holes outside the dam, and 1,650 hours on 3-inch 
holes at Loyston Dike (April 1, 1935-December 31, 1935). Delays 
amounted to approximately 10 percent of the gross operating time. 

Drilling rates per gross operating hour were: gallery holes, 1.22 
feet per hour; outside holes, 1.79 feet per hour; and Doyston Dike 
holes, 1.63 feet per hour. 

Core drilling costs for the 5% -inch holes were $3.67 per foot; for 
the 3-inch holes, $2.64 per foot ; and for the Loyston Dike holes, $1.69 
per foot. A summary of quantities and costs for this work is shown 
in table 75. 

Each operating crew consisted of one operator at $1 per hour and 
one helper at $0.60 per hour. In driving casings, one additional 
helper per shift was added to each crew. 
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T able 75. — Summary of drilling quantities and costs 


Type 


Wafon 

Shot core 

Shot core 

Shot core 

Diamond core 1 
Diamond core 1 
Well i 


Size 

(inches) 

Over- 

burden 

(linear 

feet) 

Rock 

(linear 

feet,) 

Total 

(linear 

feet) 

Total 

unit. 

cost 


0 

149, 308 

149, 308 

$0. 40 S 

3 

4,532 

15.363 

19, 895 

2. 634 

5H 

0 

32, 248 

32, 248 

| 3. 664) 

36 

0 i 

651 

651 


2 Kfi ! 

1.935 

7. 721 

9. 656 

2. 25 

2H ft 

4, 054 

26. 344 

30. 398 

2. 75 

6J4 

844 

3, 713 

4, 557 

2. 40 


<5 routing dam foundation: 


Cement 202. 770 cubic feet 

Rock flour : 2S4 cubic feet 


Total - - — 203, 054 cubiefeet at $1,521 per cubic foot 

Grouting reservoir rim: 

Cement 140, 380 cubic feet 

Rock flour. 115,803 cubiefeet 

Sand - l. 553 cubic feet 


Total 257,736 cubic feet at $0,535 per cubic foot 


i Contracted. 

* Includes cos* of pipe and fitting? at $0.05 per cubic foot of grout injected and cost of washing seams at 
$0.21 per cubic foot of grout rijee:-«i. 

The equipment used for mixing the grout consisted of a two-com- 
partment, open-top mechanically-agitated mixer that discharged 
by gravity. into the suction of a 7- by o- by 10-inch, air-driven, 
duplex, reciprocating pump. A close-quarter, air-driven drill motor, 
mounted on a bracket at the end of the mixing tank, was used to 
drive the agitating blades. The pump and mixer were mounted 
together as a portable, three-wheeled unit that was easily pulled to 
any part of the job. The mixer was divided into two compartments 
so that an uninterrupted flow to the pump might be obtained by 
mixing in one compartment while discharging from the other. A 
valve in the branch of the pump suction from each compartment 
permitted the pump operator to maintain a continuous flow by 
changing the valves at the proper time. The open-top mixer pos- 
sessed the advantage of being easily cleaned, as all parts of the inte- 
rior were accessible. Repairs were facilitated for the same reason. 

The maintenance of the mixers was not an important item, as 
wear of the shaft and the stuffing boxes where the shaft passed 
through the end walls and partition was not excessive if reasonable 
care was exercised in keeping the glands packed. On the pumps, 
the demand for the repair and replacement of valves, piston pack- 
ing, piston rods, and cylinder liners was constant and was considered 
as part of the operation. The fluid pistons were of cast iron with 
rubber packing, and the cylinders were made with removable steel 
liners. The rate of wear of the rubber piston packing against the 
steel liners was found to depend largely upon the pressure at which 
the pump was operating, and the wear was about equal on the steel 
and on the rubber. The life of the cast iron valve seats was also 
found to depend to a great extent upon the pumping pressure. 
These seat rings were removed in the field and were refaced in the 
shop. Valve discs of medium rubber were found to be far superior 
to the balata discs furnished as original equipment as, by reason of 
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their greater ability to conform to slight nregulaiities in^ the seat, 
they were more effective in preventing leakage. The abrasive notion 
of grout was so great that, once a small leak staited, only a short 
wlnle Weis required for considerable damage to result. To a lesser 
extent than on the parts just mentioned, piston rods were also subject 
to wear. Piston packing and valve replacements were ^ usually made 
in the field though it was necessary to have cylinder liners removed 
and replaced in the machine shop. Four complete grouting units 
were kept in service, and one spare fluid end for the pumps was held 
in good rejiair to facilitate replacements. 



The greatest source of trouble with regard to wear on the pumps 
was found to lie in the steel particles that were contained in the 
cement. These varying in size from very small particles to frag- 
ments weighing several ounces blocked valves, scored cylinders, and, 
in general, increased the wear on the pump appreciably. They were 
found consistently in the three brands of cement used, and complaints 
to the manufacturers elicited promises and regrets that did not help 
to reduce the proportion of steel particles. At various times during 
the grouting operations, screens were installed for the purpose of 
removing foreign matter from the fluid grout. However, they 
proved such a constant source of trouble and delay that it became 
desirable to abandon their use. Dry screening of the cement through 
a screen small enough to stop all harmful particles would have been 
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a rather expensive operation. A quickly replaceable screen located 
between mixer and pump would prove most satisfactory as hardened 
particles of cement would be removed with the steel. 

Shops and buildings. 

The machine shop, carpenter shop, field engineering office, and the 
majority of shop buildings were located on the east bank below the 
clam site and near the powerhouse area. On top of the hill west of 
the dam were the main office and main warehouse. The location of 
tlie plant buildings is shown on the lay-out sketch, figure 104. 

Transportation facilities, 

Workers were transported at no charge from the town of Norris 
to the dam, about 5 miles, by 5-ton trucks with combination freight 
and passenger bodies operating on regular schedules. The total cost 
of operating these passenger buses, as determined by a special study, 
was $0,176 per mile or $0,007 per passenger mile, with a passenger 
trip consisting of 5 miles. Freight was transported from Coal Creek 
ancl Knoxville by trucks or by trailers. General miscellaneous haul- 
ing about the job was cared for by two 8-cubic-yard and one l^-ton 
dump trucks. Gasoline was distributed by a li^-ton truck that - had 
a 400-gallon tank mounted upon it. Operation cost for a period of 
maximum activity determined by a special study for the utility trucks 
is shown below : 


Type of truck net' operatrag 

hour mUt - 


2J4-ton stake body 

5-ton combination body 

8-cubic-yard dump 

1 Hs-eubie-yard dump 

Gasoline 


* $1. 684 i $0. 147 
» 1. 685 
2 2.820 

* 1.460 

* 1.460 


i Cost to Dec. 20, 1935. 2 Cost to Mar. 20, 1936. 

Any work requiring the use of a tractor was cared for by three 
Allis-Chalmers tractors, two model L, one model K, and a Caterpillar 
“35” tractor. From special studies, operation costs per net operating 
hour for the tractors were determined to be approximately as follows : 


Size horsepower (drawbar) 

Operating cost (net operating hours).. 


Allis- 

Allis- 

Chalmers 

Chalmers 

model L 

model K 

79 

60 

$3.63 

$3. 05 


Caterpillar 

“35” 


$2.91 


Reinforcing steel handling. 

Reinforcing steel was stored below the dam on the east bank of the 
river. All bends were made near the storage yard by a horizontal 
electric bender, a circular bender, or a hand bender. Normally, the 
steel was transported from the storage yard to the dam by wagons, 
but at times trucks were used. At the dam site it was lifted to its 
place in the dam by the cableways. 



302 


THE HORRIS PROJECT 


At the steel yard, material was unloaded in separate piles accord- 
ing to size, length, and type. These piles were so arranged that steel 
was stacked in layers and separated by 1-inch wooden strips. At one 
end of the pile all bars were made even. A wooden stake driven at 
the even end of each pile recorded the size, length, and type of bar. 
This method made it easier to take physical stock of the; yard, made 
possible the use of an acetylene torch to cut bars without burning 
those underneath, and required only the handling of the length of bar 
desired without rehandling the left-over portions. 

Unloading equipment. 

For unloading heavy equipment at the railroad terminal at Coal 
Creek, a locomotive crane was provided. For handling heavier 
equipment than could be handled by the crane, a large A-frame with 
a 100-horsepower Lidgerwood hoist was used. 

The crane was an Orton-Steinbrener, standard-gage, locomotive 
crane with a 50-foot boom. At a radius of 12 feet, its capacity was 
36,000 pounds, and at 40 feet its capacity was 7,800 pounds. Power 
was obtained from an 80-horsepower steam boiler for traveling, hoist- 
ing, and sluing operations. The crane was secured from Nitrate 
Plant No. 2 at Muscle Shoals at a cost of $5,000. Under normal con- 
ditions the operating crew consisted of one operator at $1.50 and one 
fireman at $0.60 per hour. Additional men made up the unloading 
crews, the size of which varied with the type and quantity of mate- 
rial received. The crane operated a total of 2,812 hours at a cost of 
approximately $3.85 per hour. 

Riprap placing. 

The clay fill in the east end of the^ dam required the placing of 
32,200 square feet of riprap for protection against wave action. This 
riprap was handled by a job-made skid derrick on which the total 
operation and depreciation charges amounted to $1,637.56. A total 
of 6,856 tons of derrick-size rock was handled for $0.24 per ton or 
$0,051 per square foot. 

Air distribution. 

Compressed air was provided by one Bury and three Sullivan com- 
pressors with a combined capacity of approximately 7,600 cubic feet 
per minute and distributed to the job through two 6-inch mains and 
auxiliary lines. One line was located on each side of the river. The 
compressor house was located on the west hank of the river down- 
stream from the construction bridge. Four auxiliary receivers located 
near the point where most air was used and a receiver at the com- 
pressor house provided sufficient storage. 

Water supply. 

The estimated requirement for raw water was 118,000 gallons per 
hour and for fresh water, 3,750 gallons per hour. Raw water was 
pumped from the river below the dam site to the two 20,000-gallon 
storage tanks above the west abutment by two 8 -inch centrifugal 
pumps operating in tandem. Two 5- by 4-inch pumps were main- 
tained as spares. The fresh water supply came from the same source 
as the supply for the town of Norris and was stored in two 20,000-gal- 
lon tanks near the raw water storage. 



CONSTRUCTION PLANT 


303 



Electrical distribution. 


A substation, located on the hill above the west abutment, was 
served by a 66,000- volt supply line, three 2,300- volt distribution lines 
carried the power to the different parts of the job. Transformers were 
located at convenient points to step down the current and the desired 
voltage for the equipment. 



FIGURE 145 . — Electric power consumption. 
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Roads and bridges in the construction, area. 

Transportation of materials, equipment, and men within the con- 
struction area principally by trucks, tractors, trailers, and automobiles 
necessitated the construction of roads in that area, An important 
factor which had to be taken into account in laying out and maintain- 
ing the roads in the construction area was the fact that the freeway 
from Coal Creek to Norris on the west side of the river and from 
Norris Dam to the town of Norris on the east side offered an improved 
and shorter highway between United States Highway 25W at Coal 
Creek and Knoxville. As a matter of policy, the freeway was open 
to the public as soon as it was completed to the construction area, early 
in 1934 ; and the temporary construction road bridge linking the two 
portions of the permanent freeway assumed the character of a public 
highway, as well as a construction facility, until the permanent road- 
way across the dam was ready for use in September, 1936. 

A_ construction bridge located 1,100 feet downstream from the axis 
of the dam was about 470 feet long and was provided with a 14-foot 
roadway and a 4-foot 2-inch walkway on the upstream side. This 
bridge consisted of steel bents on concrete piers, with steel I-beam 
girders and a wooden superstructure. The bridge was ample for 
normal requirements. In order to avoid the necessity of partially 
dismantling the larger shovels crossing the bridge, and to take care 
of the heavy permanent equipment — the heaviest items were 161-kilo- 
volt transformers weighing 111,000 pounds each — the bridge was re- 
inforced by placing timber bents of used 10- by 10-inch and 12- by 
12-inch timber at the midpoint of each span. 

Construction of the bridge was started October 13, 1933, and the 
first motor traffic crossed on December 2. It was kept in service 
until August 1936 when it was dismantled. The bents and girders 
of the bridge were shipped immediately to Hiwassee Dam and it 
was erected there to serve in the same capacity. 



RIVER DIVERSION 


The general scheme of river diversion and of dam closure was 
established through studies and alternate plans developed by both the 
United States Bureau of Reclamation and the Authority’s engineer- 
ing organization. During dam construction operations three princi- 
pal cofferdams were used for river diversion, unwatering successively 
the east side, the west side, and the middle of the river. Inside these 
cofferdams excavation, foundation treatment, and concreting were 
carried on in the dry. Five monoliths or blocks of the dam were 
left low for river diversion, three of which were concreted during 
low water by normal forming methods. The remaining two were 
alternately closed and concreted in 5-foot lifts by means of a special 
steel closure gate until the entire flow of the river was diverted 
through the permanent conduit outlets. 

PROPOSED METHOD OF DIVERSION 

The probable river flow, the schedule of concreting operations, the 
hazard incident to several proposed closure methods, the economy 
of the general construction program, and the economy of the actual 
cofferdam and closure operation were all principal factors involved 
in the consideration of the various schemes of river diversion. An 
additional, and in this case a dominant, factor was the necessity for 
starting work as soon as possible in order to provide employment on 
construction work without delay. This was actually the determining 
factor in starting stream diversion at the beginning of a high-flow 
period rather than at the beginning of a low-flow period. Thus 
started, it was necessary to build two high cofferdams capable 
of withstanding high water stages during winter months and one 
low cofferdam for low-flow summer months. Under other circum- 
stances, where a starting date could he chosen, two cofferdams, one 
high and one low, would probably have been enough. 

At the site, the river channel is approximately 300 feet across, 
with no cover or overburden on the hard dolomite bedrock. Flow 
varies from a minimum of 400 cubic feet per second to a flood peak 
of 70,000 cubic feet per second. The vertical rise for this variation 
in flow is about 40 feet. During the high-water period, which occurs 
between November 1 and July 1, maximum floods range between 
45,000 cubic feet per second and 70,000 cubic feet per second; and 
during the low-water period, which occurs between July 1 and No- 
vember 1, maximum discharges seldom exceed 25,000 cubic feet per 
second and the average is much less. The highest and second highest 
maximum mean daily discharges (in thousands of cubic feet per 
second) by months for a period of 35 years (1898-1932) are given 
in table 76. 
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Table 76. — Highest and second highest maximum mean daily discharges by months . 

1898 to 1932 



Jan- 

uary 

Feb- ! 
ruary 

March 

April 

May 

June 

i 

July 

Au- 

gust 

Sep- 

tem- 

ber 

Octo- 

ber 

No- 

vem- 

ber 

De- 

cem- 

ber 

Highest 

i 69 

57 1 

70 

54 

45 

45 

20 

29 

12 

26 

54 

60 

51 

Next highest 1 

54 

55 

56 

40 

43 

41 | 

20 

27 

12 

16 

40 












j Considered 70,000 cubic feet per second. 

Frequency of occurrence of floods: 70,000 cubic feet per second, 1 in 17.5 years; 00,000 cubic feet per second, 
1 in 11.7 years; 54.000 cubic feet ter second, 1 in 3.9 years. 


For year-round purposes based on the maximum mean daily dis- 
charges the adequacy of various diversion capacities is given in 
table 77. 

Table 77. — Adequacy of various diversion capacities 


Diversion capacity (cubic feet per second) 

Years when 
capacity is 
ample to pass 
peak flood 

; 

Years when 
capacity is 
inadequate to 
pass peak flood 

30, 000 ___ 

9 

26 

40, 000 . 

13 

22 

50, 000. _ 

21 

14 

60,000 

29 

6 

70, 000. . _ - 

33 

2 



Initial study. 

The initial study for stream diversion and dam closure submitted 
to the Authority by the Bureau of [Reclamation in September 1938 
included an analysis of hydrological data and fixed, the desirable 
diversion capacity at 60,000 cubic feet per second. 

The first scheme called for a steel sheet pile cofferdam on the 
east side of the river. Some excavation was to be done in the dam 
area on the west bank to increase diversion capacity. For subsequent 
diversion five blocks were to be left low and six tunnels were to be 
provided in the section of the dam constructed within cofferdam 
No. 1. A second steel sheet pile cofferdam was to be driven across 
midchannel to the west bank as soon as concrete in the first coffer- 
dam was sufficiently high. Provision for later diversion was to he 
made by leaving three blocks low and providing four tunnels in 
the section of the dam constructed within this cofferdam. The eight 
low blocks of first- and second-stage construction and two of the 
tunnels would then be concreted during the low- water season of 
1935. The remaining eight tunnels would then handle up to 60,000 
cubic^ feet per second after all concrete had reached a height to 
permit the water in the reservoir to raise to elevation 900. The tun- 
nels were to be closed during the summer of 1936. 

The second scheme was much the same as the first, except that 
the first cofferdam was proposed on the west side of the river. This 
permitted work in the powerhouse area to be started at an earlier 
date than in the first scheme. 

The third alternate was drawn up to show what could be done if 
the foil summer were available for starting work. This scheme in* 
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volved the building of one low-water steel sheet pile cofferdam capa- 
ble of withstanding 25,000 cubic feet per second, and two additional 
cofferdams, one of steel sheet piling and one of timber cribs, high 
enough to withstand a flow of 60,000 cubic feet per second. Final 
closure was similar to the first two schemes. This scheme was elim- 
inated since it did not fit in with a rapid construction schedule. 

Changes were made in details of all schemes. Timber cofferdams 
were substituted for sheet steel piling of cellular construction for 
reasons of economy since timber was available in large quantities at 
low cost. Other changes, including a revision in location of construc- 
tion joints between blocks and a modification in the design of the dam, 
were also taken into account. With these revisions a more detailed 
study of the first two schemes was made. 

Revised scheme No. 1. 

The first plan as revised required the use of two timber crib coffer- 
dams, the first built from the east bank and the second from the 
west bank. Diversion was to be over low blocks of the dam and 
through conduits which were to be closed later. In general, the 
scheme was similar to those first submitted. The first or east coffer- 
dam was to un water a portion of the dam and apron and a portion 
of the tailrace area, and was to be high enough to allow a flow of 
60,000 cubic feet per second to pass through the restricted channel. 
Within the first cofferdam area all concrete was to be placed to a 
minimum elevation of 862, except in three blocks which were to be 
left at elevations 843.5, 835.0, and 825.0. In addition to the low 
blocks, four 10- by 15-foot conduits were to be provided. These low 
blocks and conduits provided for a stream flow of 60,000 cubic feet 
j)er second after the first cofferdam was abandoned, and the second 
cofferdam on the west side of the river built and placed in service. 
Within the second cofferdam, all concrete except in two blocks was 
to be placed to a minimum elevation .of 862. Four 10- by 15-foot 
conduits were to he provided in addition to the two blocks which were 
to be left at elevation 843.5. When this work was completed the 
second cofferdam could be dismantled. The entire dam could then 
be raised uniformly except for three blocks in the spillway section 
which were to be kept at least 15 feet lower than any other until 
the lowest one approached elevation 880. When the conduits alone 
could discharge 60,000 cubic feet per second, concreting could proceed 
without further limitations. The final closure of the conduits was 
scheduled for the low-water season of 1936. 

Revised scheme No. 2. 

Much the same as in revised scheme No. 1, this scheme required the 
use of two timber crib cofferdams. The first or west cofferdam was 
to unwater the entire western area of the dam. A diversion channel 
to help provide for a flow of 60,000 cubic feet per second was located 
in the area of the future dam, powerhouse, and tailrace on the east 
bank. During construction within the first cofferdam three blocks 
were to he left low and eight 10- by 15-foot conduits were to be pro- 
vided for subsequent diversion. When construction within the first 
cofferdam was completed, it was to be dismantled and the second 



308 


THE 35TOKRIS PROJECT 


cofferdam built to unwater the east side of the river. A flow up to 
60,000 cubic feet per second could be passed through the conduits and 
over the low blocks of stage 1 construction. Concreting could then 
be carried on within the area of the second cofferdam without the 
necessity of providing either conduits or low blocks for subsequent 
diversion. As soon as concrete in this area was brought up to ele- 
vation 860, the second cofferdam could be dismantled and the entire 
dam could be concreted in the same manner as in revised scheme 
No. 1. 

ADOPTED SCHEME OF DIVERSION 

In the adopted scheme of diversion the first cofferdam was to be 
built from the east bank, mainly because the maximum amount of 
work could be started at the earliest date and because the powerhouse 



FIRST STAGE 


SECOND STAGE 


Figure 14*6 . — River diversion schedule Jor first and second stages. 


area would be continuously available for construction. The use of 
diversion conduits was abandoned due to the hazard of possible 
clogging by floating debris carried by the river in flood stage. The 
alternate method which was adopted was to leave several blocks in 
the spillway section as near the river bed elevation as possible. 
These blocks were to be closed later in the life of the job by alter- 
nately closing off and concreting 5-foot lifts in successive blocks. 
This work was to be done during the low-water period until the 
water level of the reservoir reached the intake for the permanent 
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spillway" outlet conduits, after -which all diversion was to be through 
these conduits. 

Additional studies indicated that construction within the area of 
the first cofferdam on the east bank would not have progressed far 
enough to permit river diversion over the low blocks constructed in- 
side of it until the early winter of 1934-35. However, a low coffer- 
dam on the west bank could be built and used during the low-water 
season of late summer and fall of 1934 to allow the entire west abut- 
ment to be constructed. This low cofferdam was designed to be 
overtopped at a flow between 3,500 and 4,000 cubic feet per second, 
and it reduced slightly the flow which the first cofferdam could 
withstand. If two blocks of the dam in the area of this cofferdam 
were left low for >di version purposes, the remaining area in the mid- 
dle of the river could then be cofferdammed during the remainder of 



THIRD STAGE 

Figure 147 . — River diversion schedule for third and fourth stages. 


the low-water season and before diversion could be started through 
the first or east cofferdam. This would occur approximately at the 
beginning of the high-water season. Construction of the third coffer- 
dam would be less hazardous if performed during the low- water period, 
and some economies were anticipated in cofferdam construction. 

The advantages of this scheme were that it provided for a more 
uniform and rapid concreting schedule, which resulted in substantial 
economies in concreting costs, and it reduced the hazard in closures 
by eliminating possibilities of clogging bypass facilities. It reduced 
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cofferdam costs without causing additional costs by generally ac- 
celerating the construction schedule. It was conservatively estimated 
that approximately $83,000 was saved by the use of this scheme over 
the first schemes proposed. This estimated saving is summarized in 
table 78. 


Table 78 . — Summary of estimated saving on revised cofferdam scheme 


Material 

Quantity 

Cost 



$60. 00 

$13, 380 

64.000 
8,000 

11.000 


90,000 square feet at 

.60 


8 at I 

1,000.00 

rSr» , nnrftt,fng divftrsion tubas _ __ _ 


' 1.00 




Total. _ _ 



86, 380 

Clnsnrfl g’atft and handling — dednot _ _ 

: 

3,380 




Net saving 



83,000 


1 1 


River diversion and closure actually took place in four stages. 

Cofferdam. No. 1. 

Cofferdam No. 1, or the east cofferdam, enclosed an area of 3.7 
acres. Both the upstream and downsteam arms were constructed of 
timber cribs. The water seals for these cribs were made by placing 
a clay fill on the outside face of the crib. The outstream arm join- 
ing the upstream and downstream arm was built almost noiunal to 
the dam axis. It consisted of two lines of sawed timber cribs 14 
feet wide and separated by a clay-sealed chamber 8 feet wide. The 
cribs are tied together with three 1-inch round tie rods spaced on 
14-foot centers. A river deflection crib slanting toward the east 
bank was located on the upstream and downstream ends of the out- 
stream arm and served to deflect the water and preserve the clay toe 
fill outside of the upstream and downstream arms. 

All cribs were built of 8- by 8-inch sawed timbers and sheathed 
with 1-inch lagging. * All fill for the cribs was of rock and clay ob- 
tained from excavation in the dam and powerhouse area. The up- 
stream and downstream arms were paved solid with 8- by 8-inch 
timbers and used as a roadway. 

The cofferdam was endangered by floods only once, when on March 
5, 1934, a flood of 50,000 cubic feet per second occurred. Possibili- 
ties of a higher discharge made it advisable to allow the cofferdam 
area to fill with water to equalize the pressure on the walls of the 
cofferdam and to minimize damage in case of overtopping. The 
cofferdam, howyver, was not overtopped. With this exception the 
cofferdam continued in service until December 13, 1934, when the 
river was diverted over blocks Nos. 37 and 38. Some inflow of water 
under the cribs was experienced during the earlier days of service, 
but it was stopped by drilling in the rock of the river bed and by 
grouting with neat cement mortar. 

Cofferdam No. 1 remained intact during the period of service of the 
second cofferdam, and dismantling was not started until the third 
or middle cofferdam was completed and unwatered. Dismantling 
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was started October 11, 1931, on that part of the outstream arm of the 
first cofferdam which was inside of the middle cofferdam. A part 
of this outstream arm was left to serve as a temporary access ramp 
to the river bottom in the middle cofferdam. When a trestle ramp 
was completed on November 15, 1934, the balance of this portion of 
the outstream arm was removed. The upstream and downstream 
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Figure 148 . — Cofferdam No . 1. 


arms of cofferdam No. 1 were not touched until early December 1934 
when the entire downstream arm and the major portion of the up- 
stream arm were removed to permit partial diversion of the liver 
over blocks Nos. 37 and 38. The cribs which -were originally used 
for the first cofferdam and later used as a part of the middle or third 
cofferdam -were not removed until February 1935 when river flow 
was diverted through the section of the dam constructed within the 
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third cofferdam. Construction quantities and cost for the first cof- 
ferdam are given in table 79. 


Table 79. — Quantities and costs — Cofferdam No. 1 


Description 

Quantity 

Total cost 


978, 600 f.b.m. 
173, 200 f.b.m. 

1, 151. 800 f.b.m. 
35, 500 cu. yd. 

$76, 177. 76 
14, 835. 17 
43, 157. 19 
7, 332. 56 
27, 854. 31 
3, 490. 54 

172, 847. 53 



Crib fill and seal blanket 

Un-watering and maintaining water level and structure 320 days — 

Protection from floods - 

Dismantling and removing. 


Jnb prorata _ 


Total— 





Cofferdam No. 2. 

Cofferdam No. 2, or the west cofferdam, enclosed an area of ap- 
proximately 1.7 acres. Both of the upstream and downstream arms 
of this cofferdam were constructed of 8- by 8-inch sawed timber crib 
with 1-inch sheathing, and both were filled with clay and rock from 
the dam foundation excavation and sealed against leakage by the clay 
sealing blanket on the river side of each arm. The outstream arm 
was of the Ohio River box type consisting of two timber walls 12 
feet apart, each made up of two layers of 1- by 6-inch vertical 
sheathing, supported by 8-inch square wales on the outside and tied 
across by %- and %-inch round steel rods, placed on 5-foot centers. 
The walls were braced with 2- by 8-inch timbers both laterally and 
transversely. The space between the walls was filled with clay, and 
a 6-inch layer of lean concrete was placed on top of the clay to pro- 
tect it from erosion in case of overtopping. Deflection arms were 
built at the upstream and downstream end of the outstream arm to 
guide the water and protect the clay toe seal against washing. 

The first un watering of the second cofferdam was begun on August 
9, 1934, and completed on August 11, 1934. The concreting required 
in this cofferdam area was carried above danger line from floods be- 
fore October 26, 1934, leaving blocks 43 and 44 low for subsequent 
diversion. 

Table SO . — Quantities and costs — Cofferdam No. 2 


Description 

Quantity 

Total cost 

Excavation (labor only) 


$679. 73 
18, 422. 28 
4, 870. 68 
968. 05 
14, 977. 40 
1, 622. 06 
4, 476. 66 
948.43 

Crib work 

187, 700 f.b.m. 

9, 820 cu. yd. 
85. 4cu. yd. 

Crib fill and seal blanket 

Concrete (6-inch layer over top) ; 

Un watering and maintaining water level 1 

Flood protection 


Dismantling. _ _ 


Job prorata 


Total ■ 


46, 965. 29 




In order to create as small a flood hazard as possible to the east 
cofferdam, the west cofferdam was held to a minimum height, and it 
was expected that small rises might flood it. Rises in the river on 
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August 1-1, 1934, and August 25, 1934, threatened to overtop the wall, 
anct therefore, the cofferdam was flooded on both clay*. Only 5 days 
were lost on these occasions out of a total of 76 days of service. 
Actually only once, on August 25, at a discharge of about 3,500 cubic 
feet per second, did the river rise as high as the top of the cofferdam. 

Some trouble was experienced from leakage under the downstream 



end of the outstream arm. An auxiliary cofferdam enclosing the 
area in which the most serious inflow occurred was found advisable. 
Finally, the cofferdam was flooded to equalize pressure while the area 
affected was grouted. This flooding took 5 days, in addition to the 
5 days previously mentioned, during which the cofferdam was flooded 
due to high water. 

Quantities and costs for the second cofferdam are given m table 80. 


314 


THE NORRIS PROJECT 


Cofferdam No. 3. 

Cofferdam No. 3, or the middle cofferdam, surrounded and un- 
watered the area in the middle of the river which had not been 
unwatered by the previously constructed first or second cofferdams. 
Blocks 39 and 42 of the dam, already constructed well above danger 
from high water, were utilized for coffer damming the east and west 
sides of the area for that portion of required distance covered by 
their thickness. Upstream and downstream from these blocks gravity 



walls of lean concrete formed the remainder of the longitudinal area. 
The downstream temporary wall rested on the previously completed 
spillway face and apron. Upstream and downstream arms, also of 
lean concrete and with gravity sections, join the longitudinal arms. 
At the northeast and southeast corners, part of the cribs originally 
built for the first cofferdam were again used as a part of the third 
cofferdam. 

Concrete walls instead of timber cribs were resorted to, both be- 
cause of the limited space, and because of the low increment cost for 
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concrete since the construction plant for concrete production was 
already in operation. 

The entire east and west arms both upstream and downstream from 
the dam were built m the dry inside the east and west cofferdams, the 
work being- performed as soon as adjoining permanent structures -were 
completed. The upstream and downstream arms necessarily awaited 
the dismantling of the west cofferdam, or cofferdam No. 2, and the 
closing off of the channel in which they were to lie. 

Since this cofferdam was in the middle of the river with diversion 
channels on each side, a construction bridge was built between the 
west bank of the river and the downstream end of the west arm of 
the cofferdam to provide access for trucks, shovels, and other equip- 
ment needed within the cofferdam. 

The third stage of river diversion was started October 27, 1934, 
with the placing of a fill across the old channel between the east and 
west cofferdams. This diverted the water over blocks 43 and 44. 
The diversion was completed on October 28, when another temporary 
dike was placed across the downstream end of the channel; and un- 
watering in the middle cofferdam area was begun immediately. The 
area was kept unwatered for 106 days, until February 10, 1935, by 
which date it was finally allowed to fill with water. Enough of the 
upstream and downstream arms were dismantled by February 10, 
1935, to allow water to pass over block 40 which had been left low for 
the purpose. 

Cofferdam No. 3 was designed to withstand a river flow of 50.000 
cubic feet per second, but no floods of that magnitude occurred dur- 
ing this period of service. No difficulty arose from either high 
water or leaking, except for 2 days in January when flood waters 
topped the partially dismantled upstream arm. 

Table 81. — Quantities aruT costs — Cofferdam No. 3 


Description : Total cost 

Crib work $4, 236. 63 

Crib fill 1, 519. 49 

Clay blanket and seal 815. 69 

Concrete, 9511.2 cubic yards 70,180. 24 

Unwatering and maintaining water level 9,820. 20 

Crib and crib fill removal : 1, 941. 21 

Dismantling concrete cofferdam 1 15, 668. 38 

Job prorata 2, 147. 42 


Total 106, 329. 26 

Bridge and ramp to cofferdam No. 3 13, 208. 33 


Total cofferdam No. 3 and access bridge and ramp 119,537. 59 


1 Whole cofferdam was dismantled by blasting. Only that portion downstream was 
removed from, river bed. 

At first only that portion of the upstream arm in front of diver- 
sion block No. 40 was dismantled. The remainder of the upstream 
arm and the entire portion of the east and west arms upstream from 
the dam were left in place. The east and west arms downstream 
from the dam which rested on the spillway face and on the apron 
were not removed until the spring of 1936, after the closing of the 
spillway outlet conduit gates. In removing the concrete cofferdam 
structures resting on the spillway apron, precautions were taken 
not to damage the concrete of the apron in any way. Clean-up of 
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the bottom section was carried on to a large extent with a depth of 
6 feet of water over the spillway apron to prevent any possibility 
of damage from hydrostatic uplift. 

Quantities and cost for the third cofferdam are given in table 81. 

Unwatering miscellaneous areas* 

A cofferdam needed for the unwatering of the penstock trashrack 
structures area was started about November 15, and completed about 
December 15, 1934. To unwater this area a timber cofferdam was 
built from block 36 upstream to the original ground of the east 
bank. The cofferdam was unwatered on February 8, 1935. At 
various times the area was inundated by floods, but no serious diffi- 
culties were encountered. By early June construction of the pen- 
stock intake trashrack had reached a point where the use of the 
cofferdam could be discontinued. The cost of this operation as of 
September 19, 1938, was $5,036.92. 

A summary of costs for work necessary for protection from floods 
after abandoning cofferdam No. 3 is given below: 


Description : Total cost 

Timber work (bulkhead over penstocks ) 37,450 f.b.m $12,752.43 

Pumping 11, 960. 25 

Dumped riprap 1, 597. 60 

Job pro rata 542. 26 


Total 26, 852. 54 


In addition to the cofferdams previously discussed there was con- 
structed a secondary cofferdam known as cofferdam No. 4 between 
the downstream end of the east training wall and the east bank of 
the river which, together with the east training wall and the main 
body of the dam, enclosed the powerhouse and tailrace areas. This 
cofferdam was built in the dry inside the east cofferdam area and 
was completed late in November 1934 ; however, the area was not un- 
watered until March 1, 1935, when construction in the powerhouse 
area was begun. This cofferdam was kept unwatered for 374 days, 
or until March 9, 1936. All drainage in the galleries of the dam, 
leakage of the head gates, and other leakage were diverted to this 
area, therefore more pumping over a longer period of time was re- 
quired than would otherwise have been needed. The quantities and 
costs involved in this work are given in the following table: 


• 

Quantity 
(cu. yd.) 

Total 

cost 


250.4 

$1, 627. 85 
33, 381. 19 
538. 79 
732.66 

Un watering and maintaining water level 

Flood control 


Job pro rata charges 

Total 


36, 280.49 




Other high water protection. 

After February 10, 1935, when the first, second, and tbird coffer- 
dams, as well as the auxiliary cofferdams protecting tbe penstock 
intake trashrack areas were no longer needed, certain construction 
work still remained to be protected from unusual floods. In view 
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of the restriction of the flow of the river through the low diversion 
blocks of the clam, there was the danger that floods might raise the 
upstream stage to such a point as to interfere with work on the 
penstock head gates, seats, and guides, and to cause flow through the 
penstocks into the powerhouse area. Accordingly, temporary stop 
logs were installed in the penstock intake trashracks up to ‘eleva- 
tion 880 as soon as these were built. This protected the head gate 
installation area against flow as high as 7,650 cubic feet per second. 

As a further precaution, wooden bulkheads were installed in each 
of the penstock intakes downstream from the dam and just upstream 
from the steel penstock linings. These were designed to withstand, 
a head of 100 feet. Thus, even if the stop logs upstream from the 
head gates were over-topped, temporarily stopping work on the gates, 
there would be no danger to the powerhouse area until an upstream 
stage of 952 was reached. 

The cost of these operations and of other minor work incidental 
to providing flood protection subsequent to abandoning cofferdams 
was $25,921 to April 30, 1937. 

Closure operation. 

The closure phase of river diversion began with the entire flow 
of the river diverted over five blocks of the clam in the spillway and 
west abutment. 

Although specifications for concreting in the dam required that 
each 5-foot lift slope 5 percent upward in the downstream direc- 
tion, for obvious reasons the closure blocks were kept horizontal as 
long as they were used for stream diversion. It was possible to form 
and concrete blocks Nos. 37 and 44 by taking advantage of short 
periods of low-water flow by ordinary construction methods. The 
entire discharge of the river was then diverted over blocks Nos. 38, 
40, and 43. Special construction methods were needed to close, form, 
and concrete these blocks. 

The final closure scheme adopted was to use a steel closure gate 
designed and purchased especially for the purpose of closing the 
upstream end of any one of the blocks, thus diverting the stream flow 
through the other blocks while a lift of concrete appromixately 5 
feet high was being placed in the blocks which had been closed. 

Since block No. 38 included an outlet trashrack and two outlet 
slide gates and outlet tunnels, and because the normal river low- 
water season discharge was small enough to permit diversion over 
only one block at a time, block No. 38 was closed and concreted 
ahead of blocks Nos. 40 and 43. This permitted uninterrupted con- 
struction in block No. 38. 

Blocks Nos. 40 and 43 were left as the final closure blocks. Their 
closure was accomplished by first placing the gate across the upstream 
end of block No. 43, concrete in which was at elevation 825.0. Thus 
block No. 43 was unwatered, and the river was diverted over block 
No. 40. Concrete was then placed in block No. 43 to a depth of 
approximately 5 feet, bringing its top to approximately elevation 830, 
or 2 feet 6 inches higher than concrete in block No. 40. As soon as 
permitted by spec ifi cations, the gate was removed from block No. 43 
and placed across the upstream end of block No. 40, unwatering it 
and diverting the entire flow of the river over block No. 43. A lift of 
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concrete approximately 5 feet high was then placed in block No. 40, 
bringing its top to approximately elevation 832.5, or 2% feet higher 
than concrete in block No. 43. The operation was thus repeated, 
alternately diverting the river flow over the higher of the two blocks 
by closing the lower one and concreting it to an elevation approxi- 
mately 2% feet higher than the other. 
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Figure 151 . — Closure gate and method of placing. 


Since the storage capacity of the reservoir was small at the lower 
elevations, the pool level rose with the closure operation until it 
reached elevation 860, the sill elevation of the permanent conduit 
outlets. After that the river flow was diverted through these con- 
duits, and the balance of concreting in the dam was done by normal 
methods. 

The gate used for closure purposes was 59 feet 6 inches long and 
11 feet 6 inches high in over-all dimensions and carried three vertical 
sets of roller wheels on the downstream face, of which two were at 
the end and one in the middle. A rubber hose covered with a rubber 
belt was recessed in the downstream face along the sides and bottom 
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which when expanded sealed the gate against water flow. Between 
the rollers were two steel panels on the downstream face of the gate 
to serve as concrete forms for the upstream face of the dam. The 
weight of the steel in the gate was 32,500 pounds, and with all appa- 
ratus attached for operation its weight was 38,000 pounds. This was 
within the 20-ton capacity of a single cableway. Twelve-inch chan- 
nels were installed along the sloping upstream face of the dam at 
the corners of blocks adjacent to blocks Nos. 40 and 43 to provide 
a track for the wheels in the gate and a smooth surface for the sealing 
hose. In the middle of blocks Nos. 40 and 43 to provide a smooth 
path for the middle wheel and also to provide a support against 
water pressure at this point, a 36-inch I-beam was provided with its 
upstream face flush with the sloping face of the dam. 


JUNE 1935 JULY 1935 




It had been planned initially to allow 48 hours to elapse between 
completing concreting in the closure block and allowing water to 
flow over the green concrete. This interval was cut to 8 hours when 
it was found that the rapidly flowing water did not damage the green 
concrete. Also this change was made possible when the time in which 
it was possible to move and set the closure gate was decreased. The 
cooling action of the water diverted over the newly placed concrete 
also made it possible to cut the time interval between successive lifts 
during the closure operation from the required 72 hours to 48 hours. 

This method of closure was economical and involved few diffi- 
culties. The principal difficulty experienced was getting a good gate 
seal around the sides and bottom because of poor fabrication of 
the gate. Some difficulty was experienced in the upper lifts when 
water did not rise as high on the gate as in the lower lifts, and there- 
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fore did not furnish enough pressure to hold the bottom of the gate 
against the upstream face of the newly placed concrete. Other pos- 
sible improvements indicated by experience were, that the size of 
rolling wheels could be increased from 11 inches in diameter to 18 
inches in diameter, thus decreasing the rolling resistance offered by 
small obstructions ; that the rubber seal should be embedded about 8 
inches under the steel angle at the sliding end, since some difficulty 
was experienced from the belt pulling out of the seat ; that a seat for 
jacking the gate down into position should be provided in the sides 
of the blocks adjacent to the closure blocks; and that pumping wells 
should be placed well down in the gate to handle leakage past the seals. 

The cost of closure equipment and closure operations is given in 
table 82 : 

Table 82 . — Cost of closure equipment jxnd closure operations 


Closure operations — 18 cycles: Total cost 

General (job pro rata) $277.36 

Setting gate 2, 790. 42 

Sealing gate 1, 422. 81 

TJnwatering 2, 169. 00 

Total 6, 659. 64 

Gate, guides, and supports 

Gate, f. o. b. Coal Creek 1, 936. 94 

Guides, supports, and installation 5, 686. 43 

Total 7, 623. 37 

Total cost of gate and operation 14, 283. 01 

Recondition and prepare for storage after completion of closure — 357.02 

Gross cost of gate 14, 640. 03 

Sale to Hiwassee (credit) 905.77 

Total- 13,734.26 


Operation after closure. 

After July 13, 1935, the entire discharge of the river was handled 
through the permanent conduits. Until March 4, 1936, there was no 
attempt made to store water in the reservoir as all gates were kept 
open except for short periods of trial operation for individual gates. 
The upstream water level was maintained at approximately elevation 
870 except for brief intervals when the flood discharges built up a 
higher head on the outlet intake, after which the level again dropped. 
On March 4, 1936, after installation of the penstock gates was com- 
pleted, the last construction operation requiring a low reservoir stage, 
the conduit gates were closed and the entire river flow was used in 
building up the reservoir storage. Thus, with the building up of 
reservoir storage, the river diversion and closure operations were 
completed. 

Forecasting. 

To avoid loss of time and money during construction operations 
resulting from such uncertainties as river conditions and the flood- 
ing and overtopping of cofferdams, a forecasting service was set up 
early in February 1934.. During construction the river stages were 
forecast sufficiently far in advance to enable the construction forces 
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to take whatever precautions were deemed necessary to safeguard tlie 
project and the machinery in the cofferdams. After the river had 
been closed off, the forecasts guided the operation of the discharge 
gates and assisted in the determination of the releases to be made for 
the benefit of navigation on the Tennessee River. 

Prompt forecasting necessitated the establishment of an instanta- 
neous means of communicating rainfall and river stage reports from 
widely scattered measuring stations. A study of the past data in- 
dicated the rainfall and stream gages from which readings were 
required for forecasting purposes; arrangements were made to have 
the readings telephoned or telegraphed to the forecasters in accord- 
ance with specific instructions supplemented by special instructions 
during flood periods. This procedure was satisfactory except for 
isolated stations that were at a considerable distance from a telephone 
or a telegraph station. Accordingly, experiments w~ere conducted to 
devise and test equipment that could be placed at these stations to 
broadcast automatically at stated intervals by means of a short-wave 
radio transmitter the stage of the stream or the amount of rainfall, 
as the case might be. One of these radio stream gage transmitters 
now provides reports of stages on the Clinch River above Tazewell. 

When construction began there was but little information available 
on the subject of forecasting river stages. Work of other investi- 
gators on the principle that the stage at an upstream station has a 
definite relation to the subsequent stage at a station farther down- 
stream and the unit graph method 1 were studied in detail and were 
eventually included in the procedure for forecasting the stages at 
the dam. 

The earliest forecasts w T ere made on the basis of the peak relation- 
ships. The long, narrow watershed of the Clinch River causes a 
flood peak to take definite shape in the upper reaches and to increase 
gradually in volume as the peak travels downstream. This char- 
acteristic permits the estimation of the probable downstream discharge 
peak by means of peak relationship charts as soon as a crest has 
formed at an upstream station, provided that the intensity of the 
storm is approximately the same over the entire watershed. The 
peak relation method was used to estimate the stage of the Powell 
River at Arthur from the stage at Jonesville, and the stage of the 
Clinch River at Tazewell from stages at Cleveland and Speers Ferry. 
The Arthur and Tazewell stages were then related to Coal Creek 
to determine the stage at the dam. 

When the rainfall over the lower part of the basin was heavier 
than that over the upper part, it was necessary to predict the stages 
from the amount of rainfall. The rainfall method was also used 
when a second storm occurred while a peak from an earlier storm was 
approaching the dam. The best results in computing flood flows 
from rainfall have been achieved by the use of the unit graph 
method. The unit graph is based upon the theory that for a given 
drainage basin there is a. definite total flood period corresponding to 
a given rainfall duration, and that all 1-day rainfalls will have the 
same base length of hydrograph. If a given 1-day rainfall produces 

1 Sherman. Z>. K., Stream Flow from Rainfall by the Unit Graph Method, Engineering 
News-Record, Vol. 10S, pages 501-505. 

155S13 — #0 22 
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1 inch of run-off over the area, the hydrograph can be considered a& 
a unit graph for the watershed with the ordinates of run-off varying 
directly with the depth of run-off. Then a storm hydrograph may 
be constructed by using ordinates obtained by multiplying ordinates 
on the unit graph by the average run-off in inches and making correc- 
tions for the base flow of the river. 



The unit graph method assumes that the rainfall will be approxi- 
mately equal in intensity over the watershed; therefore, the area 
below Arthur and Tazewell and above the dam was considered as 
an individual drainage basin in the development of the unit graph. 
To obtain the best results, as close a determination of the rainfall 
must be made as is economically possible. As the seven existing 
Weather ^Bureau gages in and around the watershed were insufficient, 
gages were placed in 17 C. C. C. camps, and a number of recording 
gages were installed throughout the drainage basin. 




RIVER DIVERSIONS 


323 


From February 1934 to August 1934 the channel at the dam 
was only 40 percent unobstructed. Warnings were desired whenever 
floods exceeding 13,000 cubic feet per second were anticipated. In 
August 1934, when the west cofferdam was placed, warnings were 
desired of all floods that might overtop that structure; according! 
forecasts were made of all discharges which would exceed 6.000 
cubic feet per second. 



DAYS 

Figure 154. — Twenty-jour hour unit graph — Arthur , Tazewell, Coal Creek watershed. 


Any forecasting system is no more reliable than the maximum 
error which may occur on any one forecast. By the summer of 
1935 ? it was possible to predict stages 36 hours in^ advance with a 
maximum error of 3 feet in stage and of 4 hours in time ; stages could 
be predicted 20 hours in advance with a maximum error of 1.5 feet. 
As a storm developed, the long range forecast was always corrected 
with the result that the error in most of the final forecasts was but 
a few tenths of a foot from the actual stage. 

DISPOSAL OF CONSTRUCTION PLANT AND EQUIPMENT 

A decided saving was realized in the net cost of the construction 
plant for the dam through planning of continued equipment use on 
other Authority projects, combined with a study of market conditions 
for possible sale of released equipment _ Transferred equipment was 
appraised on a basis of physical condition and use value. Equip- 
ment sales were consummated when a study of physical condition 
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and possible use showed a bid price greater than the value of the 
items to the Authority. Table 83 shows some of the major construc- 
tion plant and equipment items transferred from Norris Dam and 
their approximate gross cost and salvage value. 


Table 83 . — Gross cost and salvage value of major construction plant and equipment items 


Item 

Number 
of each 

Gross 

cost 

Salvage 

value 

Disposal 


1 

$40, 639. 12 

$15, 387. 00 

Chiekamauga Dam. 


1 

49, 356. 15 

18, 707. 04 


2 

18, 348. 78 
9, 169. 91 

12, 541. 14 

Pickwick Landing Dam. 
Hiwassee Dam. 


1 

1 , 690. 12 


3 

20, 561. 21 
40, 254. 18 
15,425.00 
10, 743. 70 

9, 253. 00 

Do. 


5 

4, 758. 82 

Chiekamauga Dam. 
Pickwick Landing Dam. 

Do ' 

2 

8', 013. 27 
2, 709. 00 
4, 770. 22 


2 


6 

12; 767. 34 

22, 028. 00 

Hiwassee Dam (2). 
Chiekamauga Dam (4). 


4 

6, 585. 00 


4 

21, 804. 08 

3; 711. 00 


Plymouth locomotive 

3 

11, 715. 00 

5', 463. 41 

2, 402. 92 

4, 415. 77 

Chiekamauga Dam. 
Pickwick Landing Dam. 
Hiwassee Dam. 

3>o - 

1 

3, 905. 00 

Concrete transfer car 

3 

15, 223. OO 
2, 990. 00 
2, 750. 00 

Concrete bucket, 6-eu.bic-yard 

3 

1, 293. 00 

1, 705. 00 

Do. 

Hoist double drum, 100-ton 

3 

Do. 

Mixer plant structure 

1 

18, 377. 00 

9, 189. 00 

Chiekamauga Dam. 

Do. 

Aggregate plant (rock) 

1 

116, 319. 00 

58, 160. 00 

Aggregate plant (sand) 

1 

49, 797. 00 

27, 800. 00 
56, 600. 00 

40, 000. 00 

Hiwassee Dam. 

Cableway No. 2 

1 

313,208. 00 

113, 208, 00 

Do. 

Cableway No. 1 head tower and 
machinery only 

1 

Sold outside TV A. 

Cableway tail tower. . _ 


3, 000. 00 
857. 00 

Unassigned equipmentaccount 
Gunters ville Dam. 

Truck. 5-ton_. __ _ i 

1 

2, 128. 66 

1, 370. 00 
333, 913. OO 

Light truck __ 

2 

100. 00 

Sold outside TVA. 

Miscellaneous items l 

1 900 

157, 196. 00 

Various. 


Total 


1, 046, 000. OO 

456, 308. OO 






i Approximate. 


The amounts given in the preceding table as original costs do not 
include the costs for supporting structures, foundations, labor for 
installing and dismantling the equipment, or any other costs that had 



Figure 155 . — Plant and equipment costs — Gross and net . 


to be fully appreciated at Norris. Figure 155 gives the gross and net 
costs of the construction plant for the dam and includes those items 
which had no salvage value. 
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In addition^ to the salvage obtained from the dam construction 
plant, ^ approximately 287 items of equipment were transferred or 
sold from the reservoir and town areas with a salvage value of 
$170,360. These items of equipment were used for reservoir clearance 
work; for highway, railroad, and other relocation work; in the con- 
struction of the construction camp and village; and for other work 
done in the reservoir area. The equipment used for reservoir and 
town work was purchased with a capital outlay of approximately 
$282,400. 
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Chapter 6 

BAM AND POWERHOUSE CONSTRUCTION 

The construction activities necessary for the construction of the 
clam and appurtenant works are divided into three parts: first. 
Organization and personnel — how personnel was procured, personnel 
policies, the construction organization, and safety and training pro- 
grams ; second, Materials — dealing with the procurement, testing, and 
inspection of the materials and equipment necessary for the project ; 
and third, Comtmction — including the construction plan, methods, 
progress, and discussions of how the difficulties encountered were 
solved. 

ORGANIZATION AND PERSONNEL 

Construction was carried out by a force account organization ex- 
cept in those few instances where special equipment and personnel, 
not normally a part of an organization of this type, were desirable 
or necessary for the completion of individual parts of the construc- 
tion. In these cases^ the work was done by contract, as for example 
the welding and erection of the penstocks. 

The Norris construction organization functioned under two main 
heads — the construction engineer, and construction superintendent — 
who in turn -coordinated their work through the assistant chief en- 
gineer. As the Authority widened its scope of activity and other 
projects were undertaken, it became necessary to create the position 
of chief construction engineer, after which the construction engineer 
and construction superintendent were responsible immediately to him. 

The principal staff members of the construction engineering or- 
ganization were the assistant construction engineer, field engineer, 
office engineer, materials -engineer, electrical engineer, foundation 
engineer, and cost engineer. 

The construction superintendent was assisted by a staff composed 
of two assistant construction superintendents who alternated on day 
and night shifts each month, a master mechanic, chief electrician, 
chief rigger, general carpenter foreman, excavation foreman, founda- 
tion treatment foreman, concrete foreman, and chief clerk. 

Plan of operations. 

Since construction was started at a time when a concerted effort 
was being made throughout the country to reduce unemployment, 
the Authority formulated a work plan whereby a maximum number 
of men would be employed economically. This plan included four 
5%-hour labor shifts and three 8-hour supervisory shifts. As far as 
is known, this was the first time that such a program was followed, 
and it attracted considerable interest in the field of heavy construc- 
tion. The principal shifts were scheduled as follows: 
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Shift 

Labor 

Foremen 

Key foremen 

1 

6:30 a. m. to 12 m 

8 a. m. to 4 p. m 

6:30 a. m, to 2:30 p. m. 

2 

1 p. m. to 6:30 p. m 

4 p. m. to 12 p. m 

2:30 p. m. to 10:30 p. m. 

3 

4 

6:30 p. in. to 12 p. m j 

12 p. m. to 5:30 a. m 

12 p. m. to 8 a. m -j 

! 

10:30 p. m. to 6:30 a. m. 


This schedule proved very satisfactory, especially because it 
afforded continuity of work, since at no time were laborers and super- 
visors changing shifts simultaneously. The general foremen worked 
the first or day shift and were relieved and represented by their re- 
spective shift foremen on the other two shifts. 

Duing the period from the beginning of the j ob until August 1935 
this plan was in effect generally, altho it was not practical to follow 
the plan completely, especially in erecting the construction plant. 
On September 1, 1935, the labor forces were placed on four 6-hour 
shifts as follows: 

Shift : 


1 6 : 30 a. m. to 12 : 30 p. m. 

2 12:30 p.m. to 6:30 p.m. 

3 6: 30 p. m. to 32: 30 a. m. 

4 12 : 30 a. in. to 6 : 30 a. m. 


After January 1936 the general plan was altered from time to time 
to suit the changing conditions on the nearly completed job. Three 
8-hour labor shifts were adopted in January 1936 and continued until 
July 1936 when only one 8-hour shift was used in completing the final 
details of the job. 

Employment procedure. 

Professional personnel . — ISTorris was the only TVA construction to 
be started immediately after the creation of the Authority. The 
publicity which accompanied the passage of the Tennessee Valley 
Authority Act resulted in applications for employment being received 
at the rate of well over 1,000 per day. Formal application blanks 
were sent to those whose letters indicated that they were qualified to 
render some service to the Authority, regardless of their geographical 
residence. When the completed forms were returned, references were 
checked and qualifications of the candidates were classified. As as- 
sistants were needed by the construction engineer and the construc- 
tion superintendent the best qualified applicants were selected from 
the files thus secured. All those selected were subjected to a thorough 
physical examination and, for major positions, the approval of the 
Board of Directors. 

Section 6 of the Tennessee Valley Authority Act specifies 1 that 
all appointments shall be made on tlie basis of merit and efficiency 
without any political test or consideration. Thus, in the selection of 
employees for service with the Authority, efforts were made to ob- 
serve the spirit as well as the letter of this particular provision. It 
was recognized from the very beginning that the success of the project 
depended largely upon the ability to obtain the services of competent 
personnel at all levels. 


1 See appendix J. 
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Nonprof essional personnel . — When offices were opened in Knoxville 
in August 1933 the Authority tv as literally overwhelmed by thousands 
of applicants for labor and trade positions. Careful appraisal o£ 
the applicants interviewed in such large numbers was well-nigh im- 
possible. To solve this problem, the United States Civil Service Com- 
mission, at the request of the Authority, administered a series of 
examinations in which all applicants for nonprofessional positions 
(laborers and tradesmen) were required to participate in order to 
qualify for such positions. As a means of forestalling an influx of 
unemployed workers from other parts of the country, residence in 
the Tennessee Valley and certain additional areas was required of 
examinees. Announcements of the examination were published in 
newspapers and posted in post offices in the area. 

In order to insure that well-qualified persons would file applications 
and thus be eligible to stand the examination, personnel rep resent at ives 
visited approximately 175 counties in the area, which included all of 
the State of Tennessee and parts of Kentucky, Virginia, Xorth Caro- 
lina, Georgia, Alabama, and Mississippi. These representatives ex- 
plained the examination procedure to leaders in the counties and 
asked them to urge competent persons of their acquaintance to par- 
ticipate in the tests. Applications were made available in the post 
offices in the examination area. The Civil Service Commission issued 
admission cards for the examinations to all candidates whose blanks 
were filed on time and who met the residence requirements. 

The examination consisted of a test of ability to follow oral and 
printed instructions, a simple reading test, and a mechanical aptitude 
test. A nonlanguage test enabled persons of limited formal educa- 
tion to make some score on the examination. In this manner, per- 
sons of good native intelligence but without facility in reading were 
not eliminated from final consideration. The fact that less than half 
of the persons who received application blanks actually participated 
in the examinations indicates that the examination requirements op- 
erated in themselves as a means of selection in eliminating many who 
were not particularly interested in employment with the Authority or 
who feared they might not qualify. When the examination results 
were available in percentile rank distribution, interviewers were sent 
into the field to talk to prospective employees. These interviewers 
were men familiar with the requirements of various trades, and they 
endeavored to judge accurately the qualifications of specific indi- 
viduals. In addition, they talked with leaders and employers in 
various communities to check upon the experience, qualifications, and 
general competency of applicants, as well as to inquire into their 
standing in the community. The interview records were then placed 
in the files of the applicants, and as men were requisitioned for work, 
candidates were selected with due regard to special skill, experience, 
and character. In many instances, the candidates actually employed 
had acquired experience in construction work in other sections of 
the country. 

For the most part, laborers and tradesmen were selected from the 
eastern portion of the examination area previously mentioned. Thus 
workers came from approximately 45 counties in central and eastern 
Tennessee, 8 counties in western Virginia, 15 counties in western 
Korth Carolina, 9 counties in northern Georgia, and 6 counties in 
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southeastern Kentucky. Definite quotas of employment were not 
assigned to these counties, but a number of employees was selected 
from nearly every one. Only emergency requisitions could be filled 
immediately as the details of this procedure ordinarily required ap- 
proximately 1 week. However, this difficulty was largely overcome 
by the construction supervisors^ anticipating _ their labor require- 
ments as far in advance as possible and working in close coopera- 
tion with the personnel officers. The over-all effect of the employ- 
ment procedure was that a superior staff of workers was secured. 
This was especially important because many foremen and other su- 
pervisors were promoted “from the ranks 55 and, at the completion 
of Norris, transferred to other Tennessee Valley Authority projects. 

Salary and wage schedules. 

Salaries paid to annual employees of the Authority during the 
first few months were somewhat in accord with rates then prevailing 
in private industry. However, an Executive order 2 issued by the 
President on November 18, 1933, established a salary schedule to be 
followed by the newly created emergency unemployment relief 
agencies. This schedule largely approximated the rates prevailing 
for the regular governmental departments^ although there were cer- 
tain differences in the higher levels. While the Authority was not 
bound by this Executive order 3 the Board of Directors determined 
to follow it for the most part. The job supervisors prepared descrip- 
tions of duties for all positions, and these were compared with posi- 
tions described 4 by the Personnel Classification Board and the Civil 
Service Conomission. In this manner, comparable salaries were paid 
for comparable duties and responsibilities. Wage schedules for the 
nonprofessional workers were established and adjusted from time to 
time to agree with the prevailing wages for similar occupations in 
the surrounding area. The hourly wage schedules are included in 
appendix I. 

Labor relations. 

During the first 2 years of construction the maintenance of proper 
individual and collective relations between supervisory personnel and 
supervised employees, especially regarding working rules, regula- 
tions, established rates of pay, and working hours, was given much 
time and consideration. At the instigation of either supervisors or 
supervised employees, complaints were investigated and differences 
settled. The Authority also undertook the responsibility for seeing 
that employees understood their rights with respect to employee or- 
ganization and cooperated with employee organizations. It main- 
tained contacts with other organized labor groups in the area and 
with other agencies of the Government relating to organized labor. 
It also undertook to make certain that labor provisions of the Au- 
thority’s contracts were fulfilled. 

With the formal adoption of an employee relationship policy* 
in August 1935, the approach to these problems was changed. Em- 

*Rxeentive Order No. 6440. (See appendix J.) 

* Executive Order No. 6746 specifically exempted the Tennessee Valley Authority from 
the requirement of Executive Order No. 6440. 

* Preliminary Class Specifications of Positions in the Field Service. Government 
Printimar Office, 1930. 

* See appendix I. 
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ployees previously’ came direct to the management with their griev- 
ances, and members of the staff served as intermediaries between the 
employees and their supervisors. The employee relationship policy, 
however, specifically requires that employees work through estab- 
lished supervisory channels, only those cases coming to the manage- 
ment which were appealed after failure of satisfactory settlement 
on the job. 

Training and recreation. 

The 33-hour work week, making considerable time available for 
employee training and recreation, led to the establishment of a pro- 
gram 6 of formal and informal educational and recreational activity 
and was well under way by April 1934. The purpose of this program 
was to provide : 

1. Further training in the vocations in which the individual was 
already employed. 

2. Opportunity to explore vocational possibilities and secure 
assistance in preparing for new vocations. 

3. Job training for basic rural occupations, including in addition 
to those commonly associated with agriculture those occupations and 
trades which contribute to a more orderly and complete rural life 
and which might relate to a coordinated development of agriculture 
and industry. 

4. A general educational and community program for employees 
and their families. 

Training, wherever feasible, was associated with service enter- 
prises developed to serve also the construction program and the town 
of bTorris. These service projects were operated on a full-time basis 
by employees of the Authority, some of whom devoted their entire 
time to the service aspect of the work while others divided their time 
between training and service work. Theoretical and practical train- 
ing on most of these projects was given at periods arranged so that 
men on all of the various work shifts could be accommodated. 

Activities in this program included engineering, trades and con- 
struction training, agricultural training, recreation, home planning 
and management, general adult education and library service, edu- 
cational and commercial motion pictures, and an elementary and 
secondary school. 

The library, including about 4,000 volumes, provided books cov- 
ering a wide range of reading interests as well as materials for use 
in the several educational activities. A special service was rendered 
the reservoir clearance crews by making books available to them as 
explained in chapter 7. 

The community building and recreational areas, which included 
soft ball and baseball diamonds, and tennis, horseshoe, and volley 
ball courts, offered facilities for wholesome recreation activities. 
This program, sponsored in cooperation w.ith an employees’ recrea- 
tional association, included outdoor and indoor games of all kinds, 
chorus, athletics, band, orchestra, dramatics, hiking, fishing, and 
boating. 


« Dawson, J. D., Progress in the Tennessee Valley, Federal Employee, 19 : 7. November 
1934. Reeves, F. W. ( TV A Training. Journal of Adult Education, 7 : 48-52, January 1935. 
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The auditorium of the community building was equipped for show- 
ing motion pictures. Theatrical films, selected from the best avail- 
able lists, covered the usual range of serious drama, comedy, musical 
romance, westerns, newsreels, and travelogs. The same equipment, 
supplemented by portable 16-millimeter machines, was used for edu- 
cational films shown to increase the effectiveness of other parts of 
the educational program. 

Safety. 

A formal safety program was inaugurated in June 1984= in recog- 
nition of the need for organized control of accidents, fire, and public 
safety hazards on the various operations.^ An initial survey of safety 
conditions revealed interesting facts pertinent to the program. Some 
of these were : 

1. Most of the supervisors, while outstanding men in their respec- 
tive fields, had not been associated with each other prior to this 
project. A cross section of their individual opinions regarding the 
place of safety in the operations and method by which it was to be 
achieved revealed attitudes varying between definite opposition, to an 
organized safety program and the continuation of the various safety 
policies which had been followed on previous operations. 

2. Although no statistics were available for comparison, a general 
impression existed that the accident experience at Norris w.as below 
the average for this type of work and that the safety of operations 
required no further attention than was being given. 

3. The supply of both skilled and unskilled local laborers experi- 
enced in heavy construction methods and practices was inadequate, 
necessitating considerable in-service training to develop competent 
men. 

4. In contrast to these unfavorable factors were the extensive use 
of modern construction methods and equipment, excellent physical 
plant lay-out, high-type supervision, detailed project planning, ad- 
vanced personnel policies regarding selection and placement of per- 
sonnel, employee management relationship and job training, and 
the provision of complete medical facilities and first-aid service. 

5. A study of the initial accident experience of the Authority based 
on available compensation records indicated that the cumulative fre- 
quency rate at Norris Dam was approximately 15 percent and the 
severity rate 83 percent above the national averages for similar opera- 
tions, ^ and that the frequency of accidents wa s increasing at an 
alarming rate. 

When information on accident experience was brought to the 
attention of the Board of Directors, the Chairman and Chief Engineer 
issued the following statement defining the broad objectives of the 
Authority in the matter of accident prevention: 

We are not satisfied with, the accident rate on TVA projects as shown by 
an analysis just completed. 

Accidents constitute human and economic waste. Serious accidents are more 
costly in the TVA than in private industry. Reduction of our rate presents an 
immediate problem in line directly with the social and economic purposes of TVA. 

The safety of TVA workers is a matter of prime importance. It is our 
responsibility to provide the maximum of safety in working conditions and to 
educate the workmen in the avoidance of accidents. 
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We desire to set an example of proficiency in accident prevention. Your 
efforts toward this end will be appreciated. Should any regulations or meth- 
ods suggested seem not to be practical or justified, I should like to hear from 
you; We are anxious to reduce our accident record and also to maintain 
reasonable and common sense working conditions. 

To achieve these objectives, comprehensive programs in the fields 
of industrial and public safety were developed, embracing engineer- 
ing revisions to eliminate hazardous conditions through planning 
and design; safety education to acquaint personnel with the causes 
of accidents and with practical methods by which they might be 
avoided ; and the development of employee, management, and public 
cooperation in the safe performance of work and in community 
safety through which accident hazards were anticipated and elimi- 
nated or controlled. 

Through educational means, it was sought to inculcate in persons 
who could best control them an appreciation of the causes of acci- 
dents and. means for their elimination. Direct action by the safety 
inspector in the control of hazards was resorted to only in emergencies. 

Specific services rendered in the field of industrial safety included : 

1. The maintenance of accident records and compilation of acci- 
dent statistics.. 

2. Consultation with design and operating units on safety stand- 
ards, specifications, and methods. 

3. Education of project personnel in locating and controlling 
accident sources. 

4. Specification and approval of safety devices and equipment. 

5. Project inspection leading to recommendations regarding the 
correction of accident hazards. 

6. The detailed investigation of accidents with specific attention 
to causes. 

7. First-aid training of project personnel. 

8. Assistance in placement of personnel in occupations they could 
perform with safety to themselves and fellow workers. 

Liberal use was made of all the facilities of the Authority in the 
solution of safety problems, and extensive cooperation was main- 
tained with other Governmental agencies, technical and professional 
organizations, and * agencies having mutual interests. 

Prior to the formulation of the definite safety .program, specific 
safety activities at the dam included the mechanical guarding of 
obvious hazards and the provision of safety equipment, such as 
safety belts, goggles, respirators, and similar devices. Specific orders 
had been issued covering the protection of workmen suspended over 
the side of forms, the safe construction of scaffolds, and the provi- 
sion of mechanical protection around the primary crusher at the 
quarry. 

Upon formulation of a definite safety program, safety posters were 
displayed at strategic points throughout the operations, interdepart- 
mental safety competition was established, crew safety meetings were 
inaugurated, and mechanical guarding was standardized and ex- 
tended to the various less obvious hazards. Discussion of safety 
problems was included in foremen’s meetings and from these dis- 
cussions detailed plans for organized safety work on the project were 
developed. 
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General Contractors of America, engaged in the construction of 
■‘abutments, aqueducts, elevated highways, heavy foundations, docks 
and harbors, large bridges, viaducts, locks, dams, levees, sewers, tun- 
nels, etc.' 5 (which is. in general, comparable with the work at Norris), 
shows the following: 


38 private i 
I contractors i 
I calendar year! 
I 1936 ) 


Norris Dam 
Sept. 1933- 
Mar. 1938 


Average number employees 

Man-hours of work... — 

Disabling injuries 

Fatal injuries 

Permanent disabilities 

Temporary disabilities 

Frequency rate 1 

Severity rate 1 

Average days lost per temporary disability. 


5,665 912 

7,587,448 7,585,238 

1,530 ! 371 

15 I 7 

130 i 14 

1,385 350 

202 ! 48.9 

46 8.78 

17 26.8 


i Weighed in accordance -with standards of International Association of Industrial Accident Boards and 
Commissions. 


The yearly records of frequency rates of accidents per million man- 
hours and the severity rates in days lost per 1,000 man-hours worked 
were as follows: 


Year ending June 30 
1934 1935 1936 1937 

Frequency rate 
Severity rate... 


64. 6 62 . 5 32. 6 7. 1 

8. 55 14. 44 3. 53 0. 03 


Norris Dam was designated “Honor Holl Company” by the Na- 
tional Safety Council for maintaining the lowest frequency rating 
during 1936 of the five organizations of comparable size engaged in 
dam construction operations. 

The above table shows a steadily decreasing accident rate as con- 
struction progressed. Although this improved accident experience 
represented a savings to the Federal Government of many thousands 
of dollars in direct compensation and medical expenses, the greater 
monetary value of this experience was reflected in increased job effi- 
ciencies made possible through uninterrupted work schedules, low 
labor turnover, less damaged equipment, and less spoilage of mate- 
rials. In addition to these direct savings, the conservation of human 
resources represented by fewer accidents constitutes a definite con- 
tribution to the achievement of the broad objectives outlined in the 
Tennessee Valley Authority Act regarding the social and economic 
development of the region. 

Medical service activities. 

During the construction period, medical service was rendered 
through three field organizations or medical units. These units were 
located and designed to serve the dam, the town, and the reservoir 
area. These field units were directed from the office in Knoxville, 
Term. 
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The medical service program rendered the following major 
services : 

1. Physical examinations and classifications of employees and ap- 
plicants selected for employment. 

2. Immunization of employees against typhoid fever and smallpox. 

3. Care, treatment, and handling of employees injured while in 
the performance of duty. 

4. Emergency care of non-service-connected minor illness occurring 

to employees while on duty. to 

5. Prophylaxis and treatment of gonorrhea and syphilis. 

6. Medical care of employees and their families residing in areas 
remote from medical facilities. 

7. Preparation and handling of compensation claim forms. 

8. Emergency care of injuries and illness occurring to non-em- 
ployees visiting construction projects. 

Medical service was provided in the area through field units from 
November 10, 1983, to December 1, 1936. During these 3 years 
98,679 services were performed. A total of 37,774 services, or 38 
percent, was performed at the dam in support of the dam construc- 
tion • activities ; 40,911, or 42 percent, were performed at the town, 
primarily composed of hospital care and medical activities in sup- 
port of the town construction activities; and 19,994, or 20 percent, 
were performed in the reservoir, primarily in support of reservoir 
preparation activities. 

Of the total area services, 40 percent were performed for employ- 
ment physical examinations and immunization ; 15 percent for 
service-related conditions, such as medical care of employees and 
their families and treatment of venereal diseases ; and 45 percent were 
performed in the actual treatment and handling of service-connected 
injuries. 

During the construction period there was an average of 2,736 em- 
ployees per month and an average of 2,741 medical services per 
month, indicating an average of one service per employee per month. 

The total cost of these services for the construction period was 
$125,181.24, or an average cost of $1.27 per man per month. 

The cost analysis given above covers only actual expenditures by 
the Authority and does not include expenditures of other Federal 
funds by the United States Employees Compensation Commission 
for compensation and medical service beyond that provided by the 
Authority. 

MATERIALS 

. The procurement program is one of the vital factors in the effi- 
ciency and economy of a construction project. Its function is to pur- 
chase and deliver to the job at the proper time the required materials 
and equipment at a minimum cost. The schedule of construction and 
the quality and cost of the final structure are very closely related to 
and dependent upon the activities of the procurement forces. The 
procurement problem in connection with this project consisted not 
only of the acquisition of materials and equipment, but also the 
development of a permanent purchasing system for the Authority as 
a whole. 
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Development of purchasing system. 

The original Tennessee Valley Authority Act did not contain any 
provisions relating to purchases of materials and equipment. The 
Board of Directors took the position that in general the Federal Pur- 
chasing Statute, section 3709 of the Revised Statutes, was not appli- 
cable to the Authority. They decided as a matter of policy, however, 
to comply with its provisions when feasible. Studies were made of 
the policies and procedures in procurement used by various govern- 
mental agencies and by private corporations whose "purchasing activ- 
ities merited attention. A purchasing system was outlined for the 
Authority which incorporated the most adaptable features of the 
systems studied. The adopted plan placed the procurement for all 
projects under the control of a central purchasing organization. 

Purchases were made on the basis of least final cost to the project 
and the Authority. The practice of award, to the lowest bidder meet- 
ing all conditions of the bid and complying with the specifications 
was adhered to where feasible, but quality and dependability were 
also determining factors. This procedure led to the rejection of low 
bids in a few cases where initial price was not the prime requisite. 
The awards for the primary crusher and the hammer mills were 
examples of such action. It was essential that proved equipment be 
placed at these strategic points, as a breakdown in either of these 
items would have shut down the entire construction plant, and the 
resulting loss would have exceeded greatly any difference in prices. 
This practice, while sound from an engineering point of view, did not 
conform to Federal procurement regulations. Considerable time and 
money were expended in defending this policy. The Comptroller 
General finally upheld the Authority in the cases where exception 
was taken by dissatisfied bidders, but insisted that legislation be 
enacted to regulate the Authority’s purchases. 

Purchasing system under amended act . — The controversy between 
the Comptroller General and the Authority was brought before Con- 
gress during a hearing on the amendment to the TVA Act. The 
final outcome was that a statement of TVA purchasing policy was 
incorporated in the amended act. 8 

The amended act gave the Authority the discretionary powers 
necessary to direct its purchasing for the greatest benefit to the project 
and allowed for the full exercise of procurement and engineering 
iudoment in purchasing the Authority’s requirements on a business- 
like* 5 basis. Under the amended act it was possible to acquire sound 
and dependable equipment and to secure for the permanent struc- 
tures materials, machinery, and workmanship which would result 
in the greatest service per dollar expended. 

The general authority to purchase and contract for materials, 
equipment, and supplies was vested in the Board of Directors. This 
authority was delegated by the Board to the director of purchases and 
his authorized assistants. A procurement organization, responsible 
to the director of purchases, was established in order to: 

1. Coordinate the using departments and the various warehouses, 
converting requisitions into transfers from stores where possible. 


8 See appendix J, sec. 9 (b). 
155813 — 40 23 
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2. Approve, or liave approved by the director of purchases, all 
purchase requisitions. 

Z. Prepare specifications or approve tnem.froin the standpoint of 
nomenclature, form, exactness, and degree of limitation. 

4. Initiate and advertise invitations to bid. 

5. Prepare and distribute invitations to bid. 

G. Open and record bids. 

7. Make awards. 

8. Prepare and sign purchase orders. 

9. Negotiate and sign contracts. . 

10. Perform or coordinate the enforcement of inspection and test- 

ing requirements. , . . 

11. Route, coordinate, and expedite the shipping of purchases. 

12. Maintain the Authority’s mailing list of bidders. 

13. Conduct standardization studies of material, equipment, and 
supplies. 

Purchasing procedure . — The three general methods of purchasing 
materials, equipment, and supplies were to purchase after advertis- 
ing, to purchase in the open market, and to purchase small items 
without competition. The methods used depended upon the circum- 
stances surrounding the individual purchases. The procedure for 
each method was based on purchase regulations approved by the 
Board of Directors and on the coordinate requirements of the organ- 
ization concerned with the procurement. 

Advertising was employed for original contracts involving more 
than $500 which did not entail an emergency, the purchase of repair 
parts, or the securing of supplemental equipment, materials, or serv- 
ices. Requisitions were initiated at the using office, forwarded to the 
budget officer for authorization and to the director of purchases for 
approval. Specifications were prepared or approved and invitations 
to bid were drawn up, advertised, and distributed to prospective bid- 
ders. Advertising -was conducted through newspapers, trade period- 
icals. circulars or letters sent to vendors, and by notices posted in 
public places. _ The minimum time of advertising varied from 1 to 3 
weeks, depending upon the nature of the purchase, and was extended 
when necessary. Formal bids received after advertising were 
opened, mad, and recorded in public. Informal bids were opened at 
the appointed time and recorded, but not read in public. They were 
evaluated on the basis of delivered cost. Analysis of the involved 
bids requiring engineering judgment and recommendations of award 
were submitted by the engineer in charge. Awards were approved 
by the director ofpurchases and notices of award were sent to suc- 
cessful bidders. The final contracts were prepared and distributed 
to the successful bidders for execution and return. Shipping in- 
structions^ were prepared and forwarded to the contractor. The 
necessary inspection and testing were carried on, and final acceptance 
was made by the office initiating the requisition. Final payments 
wene made by the Authority according to the terms of the individual 
contract. 

Purchases involving less than $500, purchases of an emergency 
nature, and purchases having a single source of supply were made in 
the open market when necessary in much the same manner employed 
by private business concerns. 
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Small items involving less than $25 were purchased from wholesalers 
and jobbers without competition. A staff of purchasing agents was 
maintained to handle this work along with other purchasing operations. 

Each of these methods has its own particular advantages and disad- 
vantages. Purchase after advertising gave access to the widest market 
and made possible the lowest prices. This method, however, required 
a considerable time. Purchase in the open market had a distinct ad- 
vantage of time element but did not give access to as wide a market. 
The purchase of small articles without competition eliminated much of 
the procurement cost on items where printing costs alone would have 
been a large proportion of the total cost. The three methods, used dis- 
eriminately, afforded excellent means of satisfying the purchasing 
requirements. 

Summary of 'procurement activities. — The procurement program in- 
cluded the purchase of approximately $13,700,000 worth of materials, 
supplies, and services for the construction plant, dam, powerhouse, 
switchyard, transmission lines, and activities in the reservoir area. Pur- 
chases of land were made separately and are described in chapter 7. 
Concrete aggregates were manufactured at the site, and the access roads 
and several other jobs were contracted for in the finished state. The 
great bulk of the materials, however, were purchased directly. 

In addition to actual purchasing and contracting, every practical 
means of cost reduction was investigated and utilized. Probably the 
greatest tangible savings were effected through the full utilization of 
land grant freight rate reductions. This item alone amounted to a 
saving of approximately a quarter of a million dollars. Where possible 
all equipment was standardized and the Authority’s requirements 
adapted to regular market items. This resulted in quicker delivery and 
better facilities for exchange of equipment as well as lower costs. 
Studies were made of cement production costs, and a reduction to Norris 
of approximately a quarter of a million dollars was effected through 
negotiations 9 with cement companies on the basis of requirements for 
all the Authority’s projects over a long-term period. Specification 
studies were made to eliminate all unnecessary costs for additional 
requirements. Procurement activities were coordinated, the organiza- 
tion centralized, and constant studies carried on in the interests of 
better efficiency, economy, and service. 

An exceptional feature of the Authority’s purchasing operations was 
the participation in existing governmental contracts made by the Pro- 
curement Division of the United States Treasury Department. This 
practice made it possible on several items to obtain prices not otherwise 
available and to eliminate the duplication of the efforts of another 
agency. The purchase of lubricating oils, effected through participa- 
tion in the Navy Department contract, is an example of such action. 

Market conditions during construction . — Procurement of major items 
started in the winter of 1933-34 when construction costs were just 
emerging from a 15-year low, reached in 1932. The index average 
throughout the procurement period was approximately 190 as compared 
to 158.4 at the beginning of 1933. These figures, while not entirely 
applicable to the project, reflect general market conditions and show 
the consistent upward trend during the construction period. 


* See appendix E. 
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A. large part of the purchases was made in a rising market, and 
manufacturers naturallv included a margin of protection in their 
bids. Contracts were designed 10 to alleviate this condition where 
possible but could not entirely eliminate it. Detailed analyses of bids 
were employed to uncover such items, and rejection of bids followed. 
Identical bids were received in a number of cases, especially during 
the existence of the National Recovery Administration. If they were 
acceptable, the successful bidder was determined by drawing. No 



effort was made to capitalize unfairly on market conditions at the 
expense of vendors ; rather, efforts were directed toward minimum 
prices consistent with conditions at the time of purchases. 

Inspection and testing of materials and equipment. 

central organization was established in November 1933 to con- 
duct the testing and inspection of large quantities of material and 
machinery required for the construction of the project. JBy setting 
up a materials teeing and inspection organization virtually inde- 
pendent of both the design and construction divisions, it was con- 


W*m example see appendix G. 
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sidered that such service would be more impartially and uniformly 
rendered. To all intents and purposes, the organization operated 
essentially as other laboratories and testing services in private prac- 
tice and made all necessary inspections and tests, after which a 
certified report of all facts ascertained was rendered. 

Organization . — Two separate staffs were organized to carry 
out this testing and inspection. The first was charged with shop 
inspection, including the testing of material entering into the fin- 
ished product, as well as the fabrication and manufacture of parts. 
Kegular reports were submitted on the progress of shop work, and 
assistance was given in expediting shipments. District offices were 
set up in strategic manufacturing centers in the United States from 
which inspectors were detailed to cover the various factories in which 
equipment and materials were being manufactured. 

A second staff was charged with the inspection and testing of all 
cement for the dam and for the various work carried on under con- 
tract in the reservoir. This organization also did the necessary 
testing of any concrete aggregate purchased under contract. Concrete 
aggregates for the dam, however, were produced by the Authority 
at the site, and all tests for such aggregates and the concrete in the 
dam were made by the construction organization. 

Functions . — In inspection it was not only necessary to determine 
the physical and chemical qualities and the strength and suitability 
of materials required for construction, but also to certify fu lfillm ent 
of the requirements of the specifications under which purchases were 
made. Where a contract specified that certain delivery dates were 
to be maintained it was frequently necessary to expedite shop work to 
the extent of calling the contractor’s attention to delivery dates and 
making regular progress reports to both the construction and design 
forces. Under the method of procurement of materials by the system 
of public advertisement and competitive bidding, it was necessary 
that advance specifications be prepared and attached to all invitations 
for proposals and that all bidders be required to submit quotations 
upon identical materials and equipment. This policy, therefore, 
necessitated close inspection of all materials furnished and work done 
under contract in order that a final certificate of inspection and ap- 
proval, stating that the materials and equipment delivered fully met 
the requirements of the specifications under which they were pur- 
chased, could be issued. No approvals for payment were made with- 
out such certification. 

Specifications themselves were prepared by the division originating 
the purchase request- All specifications, however, were carefully 
checked so that conflict and misinterpretation in the requirements 
might be avoided and also that the method of preparation and manu- 
facture specified or implied would conform to standard commercial 
practice. Work of the inspection and testing organizations was 
further extended to include necessary consultation service in the prep- 
aration of specifications for both material and equipment and to 
advise upon the proper selection of materials for the purpose intended 
and customary co mm ercial methods of preparation and manufacture 
so that such purchases could be made readily and economically. 

Procedure for testing and inspection . — In general, after a review 
of the field requisitions it was decided whether inspection would be 
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made in the contractor’s sliop or after arrival at the project. A state- 
ment was then incorporated in the invitation to bid stating how 
inspection would be made. 

Ordinarily from 4 to 10 weeks elapsed between the issuance of 
the invitation and the final award of the order or contract. Such 
awards were usually made by telegram and confirmed by letter, and 
the formal contract signed later. Immediately following the tele- 
graphic award, instructions were mailed to the contractor stating 
that the materials or equipment would be subject to shop inspection 
and that the quality and fabrication of all materials must be in 
accordance with the governing specifications. 

Instructions were also sent to the contractor to advise the Authority 
when an inspector would be needed at the plant. He was also re- 
quired to furnish copies of all orders for materials so that, if required, 
inspection could be made at the plants of all subcontractors. Where 
materials were not standard or were of such unusual nature as not 
to be readily obtainable, salient features of the specifications were 
emphasized in order that no misunderstanding of the requirements 
might arise later. 

The inspector assigned to cover the work was furnished a complete 
memorandum of instruction, including copies of all contract docu- 
ments, prints of necessary drawings, and such other information as 
might facilitate proper inspection of the work. Where shop drawings 
required the approval of the sponsor engineer, signed copies of such 
drawings were furnished the inspector as soon as possible. 

A rigid shop inspection was made of all permanent equipment. 
The specifications governing such equipment set forth the require- 
ments in detail, and the contractor was required to furnish copies of 
all approved shop drawings and copies of all purchase orders placed 
for materials. The more important items were inspected at the 
place of manufacture so that only materials suitable for fabrication 
need be delivered to the contracting plant. As soon as fabrication 
started, a resident inspector arrived at the plant and followed the 
job to completion. Upon completion of shop inspection, in whole or 
m part, the resident inspector released the order for shipment. 
Where detailed inspection of both mechanical and electrical equip- 
ment was necessary, the mechanical resident inspector first supervised 
all mechanical tests and was then assisted by an electrical inspector 
for testing and approving the electrical details. 

Shop inspectors' reports covering general contracts were submitted 
once a week or oftener as required. Initial reports dealt with the 
preliminary stages of manufacture and covered such items as ap- 
proval of drawings, percentage of materials ordered, percentage of 
materials received and on hand, and other similar items. As fabrica- 
tion proceeded, the shop reports set forth, as briefly as possible, all 
pertinent fact® so that all interested persons were constantly informed 
of the ^atus of shop work under any particular contracts or purchase 
orders. Close cooperation was maintained at all times with other 
branches of tihe work. 

When advanced shipment of any part was desired, the resident in- 
s|WEior ascertained if it would be possible for the contractor to comply 
wnJb the request without incurring additional expense. Where in- 
structions regarding routing and bills of lading were already fur- 
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n ished, the Authority's traffic supervisor was contacted so as to make 
the necessary adjustments in shipping- schedules. Every effort was 
made to coordinate fabrication, inspection, and delivery. 

In inspecting construction plant equipment, an experienced machine 
inspector was sent to the factory or warehouse to examine carefully 
the equipment and check drawings and specifications furnished. A 
thorough mechanical inspection covering both the workmanship and 
general condition was made. Preliminary appraisals and inspections 
of used equipment were sometimes made prior to purchase. Where 
reconditioning was necessary, a second inspection was made after all 
repairs and replacements and before approval for shipment. 

At the completion of the contract a formal certificate of inspection 
and approval of items furnished under the contract was issued. Final 
payments could not be made without such certificates of approval. 
Triplicate copies were issued and attached to all formal contract 
documents as a matter of record. 

Cement tests . — Since a modified portland cement embodying both 
the quick -hardening qualities of ordinary portland cement and rela- 
tively low heat generation was specified "for use in mass concrete for 
the dam, special tests for this type of cement, including chemical 
tests and the usnal standard physical tests, were required. A com- 
plete physical and chemical testing laboratory was set up in space 
leased from the University of Tennessee and cement from several 
mills was tested. The full capacity of the cement testing laboratory 
probably exceeded that of any commercial laboratories then in opera- 
tion in the United States. 

Routine chemical and strength tests were made for each 800 barrels 
of cement. Physical tests for soundness, specific surface, and initial 
and final set were run at first for each 200 barrels and later for each 
400 barrels purchased. Three- and seven-day compressive strengths 
were run for each 800 barrels, and, in addition, 28-day compression 
strength tests were made periodically. 

Insofar as possible, the standard methods of tests of the American 
Society for Testing Materials were followed- Specific surface, or 
fineness, was determined by the Wagner turbidimeter. A special 
cork-insulated, air-conditioned curing room for storing specimens 
was built in which an even temperature of 70° F. and a constant rela- 
tive humidity of 95 to 100 percent was maintained. 

Close plant control was required for the manufacture of type B 
cement as specified by the Authority. During the early stages of 
production, considerable technical assistance and cooperation was 
given to the various manufacturers in order that the final product 
would fulfill the requirements. Inspectors were stationed at the mills 
and furnished with detailed instructions for sampling, shipping, and 
reporting. Cement was sampled by either the ball method, the mill- 
stream grab method, or the mill-stream composite method — depend- 
ing upon the facilities at the plant. In each case samples for each 
200 barrels manufactured were taken under the first contract and for 
each 400 barrels under later contracts. The samples were sealed in 
airtight containers and forwarded to the central laboratory for test- 
ing. Bins were kept sealed until the time of shipment or rejection. 
Plant inspectors "broke the seals, inspected outlets, and supervised the 
loading and shipment of all cement. All cars were required to "be 
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properly identified with inspection cards, and reports of all ship- 
ments were issued. All cars, bins, outlets, inlets, conveyers, and other 
equipment were required to be periodically inspected so as to prevent 
any possible contamination of the cement by foreign material. 

Periodical chemical analyses were made of all samples to determine 
quantitatively the following: 

Loss on ignition. Ferris oxide. 

Insoluble residue. Alumina. 

Sulfuric anhydride. Lime. 

Silica. Magnesia. 


The amounts of tricalcium aluminate, tricalcium silicate, dicalcium 
silicate, tetracalcium alumino-ferrite, and calcium sulphate were 
computed. Occasional determinations were also made of heat of 
hydration and specific gravity. 

At times it was necessary to make additional cement tests and in- 
vestigations, such as the rate of heat of hydration, Merriman sound- 
ness determination, Ira Pal’s water test, and the blotter test for 
soundness. Comparative tests were also made by interested manu- 
facturers and by outstanding laboratories, so as to check both labora- 
tory methods and manufacturing processes and promote uniformity 
of product from the several mills. 

Tests on paints and bituminous materials , — Chemical analyses of 
various paints were also made, among which were red lead, blue lead, 
white lead, aluminum, and Glyptal synthetic resin paints and var- 
nishes*. All paints were usually analyzed and checked against the 
specifications for pigment and vehicle composition and also to deter- 
mine probable solution resistances, drying time, stability of brushing, 
and spreading. Bituminous materials such as emulsified asphalt, 
coal tar, creosote oil, and premoulded expansion joints . were also 
analyzed. Such materials were checked for such specific items as 
distillation, specific gravity, penetration, asphalt content, loss on 
heating, ductility, solubility, absorption, distortion, and brittleness. 
An investigation of tar enamel primers for use as under-water paint 
on the drum gates and other steel work was also conducted by the 
laboratory. 

Aggregate tests . — Concrete aggregates manufactured at the dam 
were periodically analyzed for the same constituents as determined 
in the chemical analysis for portland cement, tests for such other de- 
terminations as those for carbon dioxide, moisture, and other less 
important substances. 

Tests 11 on concrete aggregates used for concrete in the dam and 
on the quality of concrete produced were made in a complete concrete 
testing laboratory located in the field at the dam site. For various 
minor projects throughout the reservoir, however, including the re- 
location of highways, railroads, and other utilities, regular tests were 
conducted on samples of concrete and aggregate sent to the central 
materials testing and inspection laboratory. Printed instructions for 
making the routine field tests and securing samples were prepared 
and issued to all field inspectors. 

. Okenwxd analysis of metcds . — Chemical analyses were made of prac- 
tically all structural steel required for cranes, generators, turbines. 


11 See appendix E. 
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gates, concrete reinforcement bars, and other metal work. Quantita- 
tive analyses were made of such elements as carbon, phosphorus, 
sulfur, and also such^ infrequently occurring - elements as chromium, 
nickel, manganese, silicon, molybdenum, and copper. Practically all 
nonferrous alloys such as zinc spelter, bronze, brass, babbitt metal, 
copper, aluminum, and lead were analyzed for content of copper, tin, 
zinc, aluminum, antimony, iron, phosphorus, silicon, lead, and other 
elements. 

Miscellaneous chemical tests . — Miscellaneous chemical tests were 
made of a number of small items such as: 


Tarpaulins. 

Wiping cloths. 

Cotton waste. 

Salt tablets for drinking water. 
Metal boundary signs and bench 
marks. 

Rubber seals. 

Waterproofing compounds. 

Duck. 


Woven wire and chain link 
fencing. 

Poultry netting. 

Staples. 

Electrical conduits. 

Cables. 

Calcium chloride. 
Corrugated culvert pipe. 
Galvanizing on barbed wire. 


A chemical examination was made of the air sampled in a tunnel 
to determine the amount of carbon monoxide present from construc- 
tion operations. _ The carbon dioxide content of the gas generated by 
the fire extinguishing system for the protection o? the generators 
was determined. An investigation was made of the spontaneous com- 
bustion of sulphuric acid and sodium cyanide used in fumigating 
buildings after this condition caused the destruction by fire of one 
of the dormitories at the dam. 


CONSTRUCTION OPERATIONS 

The construction program was carried out generally in three 
main steps : First was the preliminary construction operations period, 
which included clearing the site, constructing plant roads and build- 
ings, stripping the quarry site, building cofferdams, and constructing 
the main plant features. Second was the principal construction o;per- 
ations period, during which time the plant was utilized in producing 
the finished structure. Third was the final clean-up and dismantling 
period, during which time the main plant features were dismantled 
and the finishing touches added to complete the project. Although 
these steps overlapped during the actual operations, the construction 
scheme was planned largely on this basis. 

In general, construction operations followed the scheme of river 
diversion with excavation being started as soon as a cofferdam had 
been un watered. Shallow grouting was done concurrently with the 
excavation as the various areas were opened up, and concrete was 
placed upon the foundation as soon as possible. Curtain grouting 
and reservoir rim treatment were carried on throughout the entire 
period. 

Such items as the powerhouse substructure, penstocks, discharge 
conduits, spillway apron, and training walls were built concurrently 
with the gravity section of the darn, while the powerhouse super- 
structure, installation of permanent equipment, switchyard, spillway 
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gates, and bridge were among the last operations completed. The 
earth fill and core Trail to seal the east abutment were also completed 
toward the end of the job. 


FIELD ENGINEERING 


The work of the field engineering organization included a number 
of duties of vital importance to the successful completion of the 
project. Most important was the establishment and maintenance 
of a system of control lines, the lay-out of the construction plant, and 
the lay-out of the permanent structures. Other duties such as inspec- 
tion of reinforcement, measurement of quantities, and recording and 
filing of field data and job progress, were also performed. 

No attempt is made to describe all the field engineering work since 
much of it was of a routine nature differing but little from that 
experienced on other large dam projects, but the details of the more 
unusual problems encountered and the methods by which they were 
solved are given. 


Organization- 

Du ring the preliminary construction activities the personnel of 
the field engineering organization consisted of a maximum of 16 
men, including 3 four-man parties and 2 shift engineers. As opera- 
tions reached their peak, this organization was rearranged to form 
the following: 


First shift, T a. m. to 3 p. m. 

Second shift, 3 p. m. to 11 p. m_ 
Third shift, 11 p. m. to 7 a. m_ 


One 3-man checking party. 
Three 3-man lay-out parties. 
..One 2-man lay-out party. 
..One assistant field engineer. 


For purposes of dividing the work of the lay-out parties, the dam 
was divided into three areas, one of which was assigned to each of 
the lay-out parties on the first shift. Area No. 1 included the east 
abutment; area No. 2 the powerhouse, head works, and blocks 34, 35, 
and 36; area No. 3 the spillway section and west abutment. The 
area engineers were in direct charge of all field engineering within 
their respective areas. The checking party that worked on the first 
shift provided an independent check on all field work performed by 
the lay-out parties. Close cooperation between the lay-out parties, 
construction forces, and the checking party greatly reduced errors 
and saved considerable time and expense. 

All lay-out work not completed by the first shift was finished by 
the second shift party. This work was kept at a minimum since 
darkness increased the difficulty of lay-out and checking work. Dur- 
ing the third shift one man was available if needed. He devoted 
most of his time to routine duties such as recording the starting and 
completion of concrete pours, entering concrete yardages, reading 
river or min gages, and making various special computations. 

Control lines. 

Considerable work had been done at the site by the United States 
Mjtmw Engineers prior to the passage of the Tennessee Valley Author- 
ity Act. This work included topographic surveys, core drill ex- 
”“■***“*> and establishment of base lines and bench marks. A ma- 
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jor control line had been established by the Army in a general east 
and west direction across the river and three monuments located: 
Monument L on the east hill, Monument M near the east bank of the 
Clinch River, and Monument R on the west hill. This line had a 
geodetic bearing of N. 64 o 05'50" E. but for simplification was called 
an east- west line for the dam rectangular coordinate system. 
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Figure JL58 . — Field control system . . 


Ail lay-outs for the dam and powerhouse were based on two major 
control lines. One east and west line was established in the field 
from information furnished by the Bureau of Reclamation, 4.282 
feet north of the Army Engineers 5 control line. This was used as 
station 0+00 for all north and south chainage. 

The north and south control line at right angles to the axis was 
established through Monument M and was called 17+00 west in order 
that 0+00 would fall outside of any point in the construction area. 
Additional semipermanent monuments and temporary targets were 
placed throughout the area to facilitate layout work during the con- 
struction period. The axis of the dam was extended west and a 
grid system laid out for the entire quarry and construction plant 
area. 
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Tlie reservoir was mapped, and control points computed on a grid 
of plane coordinates. Station 0 + 00 N. andJL? + 00 W. on the dam co- 
ordinate system was the same as N. 6(2,505.6. E. 2,562,785.8 Tennes- 
see Lambuth on the reservoir survey. This point has a geodetic 
position of latitude 36 C 13T6.953 // and. longitude 34 05 30.9(6 . The 
grid bearing of the dam axis on this grid is N. 62°58 , 50 // E. 

Bench marks. 

Bench marks were established by the United States Army Engi- 
neers from the United States Coast and Geodetic Survey, 1912 ad- 
justment. Monument M with an established elevation of 843.655 
was used in establishing vertical control for the dam. Precise levels 
were run to the two monuments established on the dam axis. From 
these points differential levels were run to Monuments H and L and 
other bench marks were established for the construction plant and 
quarry areas. 

It was necessary to make frequent checks between each of the 
three lay-out parties to insure proper tie-in between the areas. The 
checking party also carried its own individual levels and furnished 
a valuable check on all levels, checking each party’s levels as well as 
checking between parties. Periodic checks were made between bench 
marks of the four parties and any discrepancy was immediately ad- 
justed. None of the checks ever showed more than a few hundredths 
of a foot difference and usually checked within 0.001 foot. Particu- 
lar care was taken in setting elevations for installation of mechani- 
cal equipment to insure a good working tie-in. 

In 1936 the United States Coast and Geodetic Survey ran a line 
of precise levels across the dam, establishing a permanent bench 
mark on the north sidewalk of block 21 near the west end of the 
observation platform and at the east end of the dam. The eleva- 
tion established was 1,061.865 as against 1,061.75 from Norris Dam 
levels, a difference of 0.115 foot. All elevations appearing on the 
record drawings refer to the levels established by the Authority dur- 
ing construction. 

Chain testing monuments. 

Two heavy concrete monuments, 100 feet apart with the tops at 
the same elevation, were poured in place at a convenient location 
near the field office. These monuments had a 4- foot square footing 
and a 12-inch square column projecting about 18 inches above the 
ground, with a brass plate set in the top of each. A wooden frame 
was constructed between the two monuments with a continuous sur- 
face about 4 inches below the brass plates. By using a 2- by 4-inch 
board on edge, a chain could be supported throughout, and by usmg 
blocks it could be supported at any desired interval. Light springs 
with a hook and thumb screw to hold and adjust the chain and 
spring tension balances were placed back of each monument. A 
standardized 100- foot steel tape was used to establish a standard 
100- foot distance on the monument. Each of the 100-foot tapes 
used, on the job was carefully compared with the standard distance 
under as widely varying temperatures as possible and the temperature 
corrections for each tape established. 
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Field engineering activities. 

yiost of the work done was not of an unusual or difficult nature, 
although it required careful and accurate work by the lay-out and 
checking parties. Such items as construction plant lay-out. coffer- 
dams, quarry and dam site cross sections, river, rainfall, and spring 
gages, field records, forms, and progress charts, deviated very little 
from normal practice on this type of work. The work relating to 
some of the permanent features is of greater interest and this will 
be covered in detail. 

Power intake trashracks . — The trashracks for both the discharge 
conduits and the penstocks are semicircular in plan and are located 
on the upstream face of the dam. The radial center, 25 feet 6Vi 
inches north of the axis and on the center line of each penstock, 
was set at elevation 850, and control points were readily accessible 
in blocks 34 and 35. This point was plumbed up with a heavy 
bob as the work progressed. Using the center line of a target estab- 
lished on the opposite hill as a foresight, the column angles were 
turned off and offset points set for column construction and reset 
for setting anchor bolts for trashrack guides. 

As the heights increased, the radial points could not be plumbed 
up fast enough or accurately enough by suspending a bob over 
the point. Therefore a 25-pound bob, suspended on a piano wire 
from a small reel, yas set in oil on an offset line a few inches north 
of the point. This maintained an accurate line north and south 
and by using the center line target and lead plugs in the upstream 
face of the dam, the radial points could be quickly and accurately 
set for each lift. This point was moved to the top of the portal 
beam at elevation 890, as the work progressed. Elevations were 
maintained by carrying bench marks up the face of the dam with 
a steel tape. These elevations could be checked at any time from 
the original bench mark established at the start. The trashrack 
guides were steel beams spanning two openings; therefore, the 
anchor bolts had to be set accurately both for line and grade. No 
difficulty was experienced in setting any of the 64 sections of guides. 

Penstocks — Each 20-foot section of penstock pipe was accurately 
located for line and grade and then checked for roundness. A 
micrometer extension gage was made in the field for this purpose. 

Powerhcnose . — There were two major control lines in the power- 
house area, the 17 + 00 W- line running north and south; and the 
center line of units, 191 feet 6 inches south of the dam axis, running 
east and west. These two lines were maintained during preliminary 
construction by concrete monuments and lead plugs, set as the work 
progressed in the concrete and foundation rock. It was impossible 
to maintain any of the points as usable reference points throughout 
the job, hut new points were always set before the old ones were 
destroyed or became inaccessible. These points were usually set by 
the lay-out parties and checked by the checking party to eliminate 
mistakes and avoid unnecessary confusion. 

Additional north and south reference lines were established on 
20- foot centers from column 1 to column 11, column 6 being 1 foot 
6 inches west of the 17 + 00 W. base line. Likewise the center lines of 
units Nos. 1 and 2 were established by reference points. These lines 
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were maintained by lead plugs and painted targets on the electrical 
bay support steps on the downstream face of the dam and by lead 
pings set in the rock of the tailrace. As concreting progressed, these 
points were transferred and kept continually in an accessible loca- 
tion. East and west control lines were established by chaining from 
the center line of units and maintained in much the same manner. 
These lines were designated as A, south wall of the powerhouse; 
B, north wall; and C, north wall of the electrical bay. This system 
provided a grid with ample control points coinciding with reference 
lines shown on all plans. Care was taken to see that control lines 
to be used later in setting equipment were established inside of the 
powerhouse before walls were constructed. After the structural 
steel was placed and the first section of wall poured, some of the 
control points were transferred to the steel columns, using a center 
punch mark for the point. 

When the powerhouse excavation had been completed, a permanent 
bench mark was established at the east side of the tailrace about 
50 feet south of the powerhouse. It consisted of a 1- by 1- by 18-inch 
steel bar grouted into rock in a niche along the east vertical face of 
the tailrace about 3 feet above the floor. This was called bench 
mark A and the elevation was established as 806.652. It was used 
as the governing bench mark for all elevations in the powerhouse. 
Later, after the foundation concrete for the structural steel, speed 
rings, and scroll cases was complete, permanent bench marks were 
established. One was near each unit so that it could be. seen from a 
level platform between the units and near enough the same elevation 
as the crown plate landing of the speed rings to permit using the same 
micrometer rod. Additional bench marks were set at various loca- 
tions and elevations to be used for the remainder of the powerhouse 
superstructure. Closed loops of differential levels were run between 
these bench marks and bench mark A; loops were balanced out to 
get as nearly perfect relative elevations as possible and were used 
for all future work. Bench marks were carried up the steel column 
with punch marks in much the same manner as the control points. 

Lay-out of the speed rings presented the most interesting lay-out 
problem of the entire job. The remaining equipment in the power- 
house required no unusual lay-out work. Substantial reference points 
were provided on the east -west and north-south center lines of each 
unit to establish the vertical center line of each unit. Heavy U-bars 
made of 1%-inch square reinforcing steel were placed in recesses in 
the east and west turbine excavation walls on the center line of each 
unit at elevation 841.5. Similar U -bars were placed in the down- 
stream wall on the center lines of units Nos. 1 and 2. A steel bar was 
grouted in the floor of the pipe trench near the south edge of the 
first stage of construction at elevation 843 on the center line of units 
Nos* 1 and 2. A control pedestal 6 feet square at elevation 821 and 
S feet square at elevation 840 was erected on the center line of units 
between the two scroll cases. Steel H -beams were embedded in the 
north side of the pier to form two platforms or level -stations at such 
elevations that the draft tube liners could be set from the lower one 
and the speed rings could be set from the upper one. In the top 
m the pedestal * heavy U-bar was embedded with the top of the 
bar at elevation 841.5. Just prior to setting the draft tube liner, the 
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center lines of both units were carefully marked on U -burs bv making 
a small hack-saw mark. The draft tube liner, and later the speed 
rings, were assembled and lined from plumb bobs suspended from 
the intersection ox piano wires 
stretched between the established 

line points. They were brought , . : -. t; - 

to grade by using a level set up on * y “* 

the platform between the scroll , at ^ 
cases. This arrangement gave a cVohT.u M _ 

permanent line, set both the liners "Q® XX 

and the speed rings, and saved the Ifr reaa " ‘ -Re- 
time of an instrument man during M -aC. 

the preliminary setting. Both rTh au w; [Jjg ff 

the liner and "speed ring were *£"*£4 -- 

carefully checked with an instru- izrtwl z jj " 

ment before concreting. s XxTi 

Ail instrument stand, con- ? J* 

st ruetecl of a section of 15-inch * I *T" 

spiral welded pipe with a flange IS* r«| : i,ee nf 

on the lower end which was tack- 4^-1 - fg « I " 

welded to the spider at the top of T ji\ 5 "7J 

the draft tube liner was used for / ti ; \ = o-^ 

final adjustment of the speed ~ \ t r* 0 

rings. A steel plate adapted to " / JJjlj , \ * 

fit an instrument head was welded j_/ X ;l X,- \ 

to the top of the pipe. In level- v ii i. l . 4 , 

ing the speed ring an accurate 20- x — J ~* J— 

second transit was mounted on ^ — 

the top of the spiral pipe, brought Figure 159 .—Micrometer height gage. 

to the exact center by sighting 

the line points and shifting the head, and readings were made at 12 
points around the top circumference of the ring. 


- C 

o- 
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Figure 159 . — Micrometer height gage . 
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These readings were made using the micrometer height gage shown 
in figure 159. Care was always taken to see that the gage remained 
a uni form distance from the face of the speed ring and hence a uni- 
form distance from the transit to balance any error between the level 
bubble and line of sight of the instrument. After a set of 12 read- 
ings had been taken, the speed ring was leveled by means of the 
turnbuckles and leveling jacks. It was found expedient to install 
a telephone from the instrument platform to the jacks below to direct 
this adjustment. 

After leveling with the transit, check readings were taken with a 
10-foot machinist’s straightedge and spirit level. An adjustable 
screw support was made to fit the instrument plate to hold one end 
of the straightedge, and by leveling this support with the highest 
point on the ring, any variations were measured with thickness gages. 
Instrument readings were taken by the Authority’s engineers and the 
straightedge readings by the turbine representatives. The two meth- 
ods compared very closely and usually the two sets of readings did 
not differ more than 0.002 inch. Any greater variation was checked 
again, using both methods. Additional checks on the levels of speed 
rings were taken from time to time as erection of the turbines and 
generators progressed to check any possible movement from the 
original position. 

EXCAVATION 

Excavation for the dam involved the handling of 183,500 cubic 
yards of earth and 286,000 cubic yards of rock. This 'work was 
divided into three distinct operations: In the first operation, over- 
burden ranging from 15 to 50 feet in thickness was removed from 
the east bank of the river. ^ The area extended 950 feet along the 
axis, from the edge of the river to the end of the gravity section of 
the dam. It was 425 feet -wide for the first 200 feet from the edge of 
the river, the powerhouse, and tailrace sections. In the remaining 
750 feet, the width varied from 200 feet at the east end of the power- 
house cut to 75 feet at the east end of the dam. 

The second operation involved the removal of all rock necessary 
to secure a good foundation in the east abutment, powerhouse, tail- 
race, and spillway areas. The spillway section included an area 375 
feet long extending across the width of the normal river channel and 
425 feet in an upstream and downstream direction. In the spillway 
section proper, the cut averaged about 18 feet, and in the east abut- 
ment area from 12 to 14 feet, while in the powerhouse area rock was 
excavated as deep as 30 feet for the draft tubes. 

Third, on the steep west or right bank, where practically no over- 
burden existed, the^ weathered rock had to be removed in such a 
manner as to deposit the excavated material at the river’s edge for 
handling by shovel into trucks for disposal. This operation was 
necessary because it was impossible to work on this extremely steep 
slop© with shovels and trucks. 

The quarry needs were the ruling factors in the selection of most 
of the excavating equipment, and in order to utilize the heavy quarry 
excavation equipment, the excavation of the dam foundation was 
scheduled well in advance of the opening of the quarry. By this 
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arrangement, approximately 75 percent of the heavy foundation 
excavation was completed prior to the opening of the quarry in June 
1934. The remainder of the foundation excavation was done l>v 
small shovels and rented trucks. 

Cofferdam No. 1 area. 

The first area in which work was concentrated was protected by 
cofferdam No. 1, and included the entire east abutment, powerhouse, 
and three blocks of the spillway. This area contained approxi- 
mately 68 percent of all dam, powerhouse, and tailrace excavation 
and lent itself favorably to the use of the heavy equipment. Earth 
excavation was started in November 1933 on the east bank of the 
river while the first cofferdam was under construction. Part of the 



Figure 161 . — Excavation in cofferdam, No. 1. 


spoil from this area was used to fill the cofferdam and the remainder 
was wasted upstream from the dam. By the time the cofferdam had 
been un watered in the latter part of J anuary 1934, 56,000 cubic yards 
of earth had been moved from the area. The equipjment was moved 
immediately into the cofferdam for rock excavation. 

Total stage 1 excavation amounted to 376,505 cubic yards of ma- 
terial. Blasted rock was concentrated for the two 3 -cubic-yard 
shovels by tractors equipped with bulldozers. Transportation of the 
spoil to waste pumps was handled by six 12-cubic-yard Boulder-type 
body dump trucks, two 8-cubic-yard trucks, and a fleet of from fifteen 
to twenty-five 4-cubic-yard rented trucks. This excavation was almost 
completed by June 1934, when the large shovels and TVA-owned trucks 
were moved to the quarry. Completion of the excavation, which 
consisted of clean-up and minor excavation items, was done by 1%- 
cubic-yard shovels and rented trucks. 

155813 — 40 24 
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The east bank sloped upward from the river’s edge on about a 20- 
percent grade, with the rock conforming to a series of steps. Rock 
excavation there consisted of the removal of weathered rock con- 
forming generally to the stratification. As excavation progressed in 
this area, some rather large clay-filled seams were revealed as form- 
ing the floor of several of these steps or benches. Excavation was 
carried eastward on the bench at elevation 855 as an open cut as far 
as station 144-45, where it became apparent that above the seam 
a thick stratum of solid rock existed. It was decided that beyond 
this point the most feasible procedure would be to drive five tunnels, 
spaced about 20 feet apart, to a point where the seam had closed 
sufficiently to be sealed economically with grout. Another tunnel 
was driven on the bench at elevation 882 and still another on the 
bench at elevation 906. The longest of these tunnels extended 250 
feet into the east abutment. In most cases, the tunnels were driven 
with the seam at the top in order that the limits might be more ef- 
fectively determined. Excavation of the tunnels was entirely by 
hand. "The manner in which they were filled with concrete is 
described on page 368. 

Drilling. — Drill holes for permanent structures excavation were 
comparatively shallow, ranging from 5 to 8 feet deep and spaced 
about 6 feet on centers. Line drilling was done to the full depth of 
cut around the limits of areas to be excavated before any blasting 
was done. This practice was followed : 

1. To protect the surrounding rock outside the area of the struc- 
ture from damage due to blasting in the excavated area- 

2. To confine the excavation to the desired area^ and thus eliminate 
the cost of handling unnecessary excavated material and the require- 
ment of additional concrete to fill these spaces outside of the desired 
area. 

3. To present a more workmanlike finished structure. 

4. Along the stream arms of cofferdams Nos. 1 and 2 to prevent 
breaking under the cofferdam, which would have endangered the 
safety of the structure. 

In the east^ abutment area after the overburden had been removed, 
rock excavation was made with no definite attempt to close line 
drill to the neat lines of the structure. Drilling was done, however, 
to conform to the outlines of the structure as nearly as possible. 
Much lighter blasting was needed as the cut in this area was not 
so deep as in the stream bed. Also, the presence of the deep blanket 
of overburden on the rock adjacent to this area lessened the danger 
of disturbing rock outside the area of blasting. All of the stage 1 
drilling was done by wagon drills except near faces which had been 
line drilled and in cleaning up the bottom of the cuts. In these 
places jackhammers were used to lessen the possibility of disturb- 
ing the adjacent foundation rock. 

Blasting . — Dynamite was used exclusively as the explosive for 
excavation work. Four types of dynamite in two strengths were 
used : 40 percent gelatine, 40 percent semigelatine, 40 percent am- 
monia gelatine, and 60 percent gelatine, all of which were supplied 
in 50-pound cases of 1%- by 8-inch cartridges. The first two types 
comprised the bulk of the dynamite used. Electric blasting caps 
were used exclusively as detonators throughout the entire job. They 
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were purchased in two strengths : No 6 and No. 5, with 4-. G-. 8-, 
10-. 12- . and 20- foot leads. 

Dynamite- and detonators were delivered bv vendors’ trucks to 
magazines on the job. A magazine for dynamite aiul another for 
detonators were located on the west bank of the river about 1 ■> mile 
downstream from the dam. The dynamite magazine had a capacity 



Figure 162. — Line-drilled faces . 


of 80,000 pounds, and the contracts 'with vendors were arranged so 
that partial deliveries were made as needed, thus assuring a fresh 
supply of explosives at all times. These magazines supplied only 
the permanent structures excavation. Two additional magazines, 
located approximately % mile south of the main warehouse, served 
the quarry. 
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Holes were loaded with from 4 to 6 pounds of dynamite. Usually 
about 12 to 15 holes were fired at one time and only on very rare 
occasions did the total dynamite in 1 shot exceed 100 pounds. Shal- 
low holes with light shots were used to allow the foundation rock 
to remain in an undisturbed condition. Blasts were usually made 
at shift-changing time. 

Every known safety^ precaution was taken to protect the em- 
ployees" handling explosives and those who worked in the area where 
explosives were used. As a result, no fatalities and only one seri- 
ous injury resulted from the use of explosives. 

Delays . — Only two delays of consequence occurred while excava- 
tion in area No. 1 was under way. The first delay came on March 



Figure 163 . — Excavation in cofferdam A T o. 2. 


5, 1934, when heavy_ rainfall in the upper basin resulted in a dis- 
charge of 47,000 cubic feet per second at the site, and the cofferdam 
was allowed to fill as a safety measure against overtopping and pos- 
sible failure. The cofferdam was pumped out and work was re- 
sumed on March 8, 1934. The other delay occurred between May 
18 and 23, 1934, pending a decision 12 by the hoard of consulting 
engineers as to whether or not excavation should be carried deeper 
in the spillway area. It was finally decided to excavate 12 to 15 
feet deeper to intersect a seam at about elevation 800 in this area 
from the heel of the dam to 120 feet south of the axis beginning at 
the middle of block 33 and covering the entire river bottom. 

Cofferdam No. 2 area. 

Un watering of cofferdam No. 2 was completed on August 11, 
1934. Excavation was started at once and continued until completed 
about 2 months later. Excavation in this area amounted to 7^ per- 
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cent of the total excavation. During the use of the cofferdam 30,862 
cubic yards of material were removed, and after the cofferdam had 
been removed, 10,532 cubic yards of additional material were ex- 
cavated. Very little overburden existed in this area and work on 
the west abutment consisted largely of scaling off the weathered rock. 
V ork on the steep west bank was not confined to this stage alto- 
gether as it was carried on intermittently during the time when work 
was being concentrated in the first stage area. The majority of the 
excavation on the steep west bank was completed along with that 
inside the cofferdam, and only the final clean-up, all of which was 
clone by hand and wasted upstream, remained to be done as concreting 
progressed. 



Figure 164 . — Excavation in cofferdam No. 3. 


Excavation was handled by three 1%-cubic-yard capacity power 
shovels. These shovels were not kept continuously in this area be- 
cause at times it was necessary to use one and sometimes two of them 
in final clean-up work preparatory to concreting the foundation in 
the first excavation area. A fleet of from 15 to 25 rented 4-ton 
trucks was used to carry the material from the shovels. All mate- 
rial removed from the cofferdam was wasted downstream. 

Drilling and blasting in this area was done similarly to that in 
cofferdam No. 1, except that the steepness of the slope precluded the 
use of wagon drills and made it necessary to use jackhammers for 
all drilling. The west bank cut presented no difficulties except on 
one or two benches where partly decomposed rock was encountered. 
There it was necessary to go to a considerable depth into the hillside 
to reach sound rock. The worst condition of this type existed in 
block 46, where it was necessary to carry a bench at approximately 
elevation 825 into the hill 15 to 18 feet. This bench extended from, 
about 12 feet upstream from the axis to 8 or 10 feet downstream. 
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Cofferdam No. 3 area. 

The third cofferdam enclosed a relatively small area. Excavation 
was handled by two 114-cubic-yard shovels and rented trucks. Ex- 
cavation in the area amounted to 31,734 cubic yards or 5y 2 percent 
of the total foundation excavation. Actual work was started on 
November 5, 1934. and was completed during the latter part of 
January 1935. Access to the cofferdam was by means of a bridge 
from the west bank, and all excavation was wasted downstream from 
the dam in the same general area as used for the deposition of mate- 
rial from cofferdam No. 2. Drilling and blasting procedures were 
similar to those previously described. 



Figure 165 . — Monthly earth and rack excavation for dam and core trench . 
Miscellaneous excavation. 

In addition to the excavation included in cofferdams Nos. 1, 2, and 
3, work was done in the tailrace area outside of cofferdam No. 1. 
In this area approximately 34,724 cubic yards of rock were removed. 
The work was started in March 1936 after one of the large 3-cubic- 
yard shovels had been released from the quarry. In addition to the 
3 -cubic-yard shovel, a 144-cubic-yard shovel was used. The work was 
completed in April 1936. 

, Several minor items of excavation were not included in the areas mem 
fanned above. Chief of these were the excavation for the power intake 
approach channel and final clean-up prior to concreting. An auxiliary 
cofferdam was built to unwater the area for the power intake channel. 
TtaB work was carried to completion at the time when the second exca- 
vation stage was in progress. The quantity involved was almost negli- 
gible, compared to the total excavation for permanent structures. 
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FOUNDATION TREATMENT 

The foundation contained numerous extensive seams, joints, and solu- 
tion channels. Core borings and geological surveys, made preliminary 
to the selection of the site, revealed the general character of the forma- 
tion, and the additional borings that were made for the detailed investi- 
gation and grouting of the foundation located the principal seams. 
From the information obtained, it became evident that an extensive 
program of treatment would be required in order to seal the foundation 
against excessive leakage. 

Under the dam proper, the treatment was divided into two parts : 
shallow, low-pressure grouting covering the entire area of the founda- 
tion; and deep, high-pressure grouting to form an impermeable curtain 
under the heel of the structure. On the reservoir rim, the work in- 
volved locating those portions in need of treatment to prevent excessive 
leakage, and the grouting of the areas found to be faulty. 

Under the structure, all seams intercepted by the holes for both shal- 
low and deep grouting were carefully washed free of unsound material 
before grouting was attempted. In the reservoir rim, consolidation 
rather than replacement of the material in the seams was desired, and 
washing was not attempted. 

The exceptional care that was exercised to prevent the occurrence 
of leaks through the foundation and the reservoir rim adjoining the 
abutments of the dam has, as judged by the absence of leakage, well 
repaid the effort that was expended. The volume of both drilling and 
grouting was large, and it was necessary to use a variety of methods to 
cope with the problems that arose during the prosecution of the work. 

Early foundation investigations. 

Closure of the first cofferdam required some grouting in order to stop 
leaks through seams into the enclosure and, in drilling to effect this 
seal, it was learned that both open and clay-filled seams were so numer- 
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Figure 166 . — Patterns used in drilling foundation grout holes. 


ous and extensive that only a systematic plan of treatment would suc- 
ceed in effectively tightening the foundation. . Accordingly, after some 
study, a plan was evolved whereby the entire foundation was to be 
drilled on a grid of wagon drill and core drill holes located at intersec- 
tions of lines 10 feet apart running normal to and parallel with the 
axis of the dam. Figure 166 indicates the manner in which this grid 

M This discussion of foundation treatment has been taken from TV A Technical Mono- 
graph No. 28, Foundation Treatment at Norris Dam, James S. Lewis, September 1937 
(price $1.50). 
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'was divided into interlocking A and B patterns with a 5%-inch core 
hole at the center of each x^attern. . . 

The plan also called for the exploration of the holes to locate all 
seams and the thorough washing of these seams to remove clay and 
loose material. As soon as the foundation rock was exposed in the 
first cofferdam, the drilling of exploratory holes was started. Four 
lines of 30-foot wagon drill holes, two of which were normal to and 
two of which were parallel with the axis, were so located as to cover 
the exposed area of the foundation. In addition, a line of core holes 
was located 20 feet upstream from and parallel with the axis. 

Exploration of drill holes . — It was hoped that the wagon drill 
operators could satisfactorily determine the occurrence and thickness 
of seams and report them to a recorder. However, experience soon 

revealed that this 




Figure J167 - — Types of hole explorers. 


method of locating 
seams was unsatisfac- 
tory. In order to re- 
duce the uncertainty 
attending the infor- 
mation obtained from 
the drill operators, an 
exploring instrument 
known on the job as 
a “feeler” was devised 
for locating seams 
and measuring their 
thickness. It vras sus- 
pended on a calibrated 
^4-inch wire rope and 
was equipped with a 
latch that automati- 
cally released the legs 
when the bottom of 
the hole was reached. 
This device consisted 
of a pair of steel 
legs so hinged that 
the weight of the in- 
strument caused them 


to bear outwardly against the wall of the hole. When a seam was 
encountered and the wall of the hole no longer acted to restrain the 
legs, they snapped suddenly and vigorously outward with a force 
that was easily felt by one handling the explorer on a line from the 
surface. The thickness of the seam was measured by the free vertical 
movement that was permitted. This method of locating and measur- 
ing seams in wagon drill holes proved satisfactory and, by increasing 
the length of the legs, the same instrument was used with even better 
results m vertical 5%-inch core holes. 

Periscope*- — Before the “feeler” method of exploration was accepted 
m reliable, It was deemed advisable to dispel any doubts as to its 
effectiveness, and a periscope was designed for checking the results 
of the exploration of the S^-inch core holes. This periscope was 
mmde of thin-walled brass tubing in sections about 10 feet long, 
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fastened together by means of a bayonet joint. The length of the 
barrel was marked off in feet to facilitate reading depths to seams 
and the unit was handled by suspending it on a rope from a wooden 
tripod. It was used at a max- 
imum depth of 75 feet, but is 
not, in the form described, 
suitable for use under water 
or in crooked holes. This de- 
Tice was successfully used to 
test the effectiveness of the 
explorer, verifying the find- 
ings with it in every case, 
after which it was abandoned 
in favor of the simpler and 
faster method of exploration. 

Foundation studies . — Dur- 
ing the early stages of the 
excavation, five 5% -inch shot 
drills and one 36-inch shot 
drill were placed in operation 
in the foundation area to se- 
cure sufficient data to formu- 
late a definite foundation 
treatment plan. Exploration 
holes were drilled varying 
from 40 to 80 feet in depth. 

Using the information ob- 
tained from all of the eplora- 
tion holes, sections parallel 
and normal to the axis of the 
dam were plotted to show the location of the seams- On these sec- 
tions, a continuity of gently rolling seams dipping slightly down- 
stream could be discerned, as well as a similarly rolling, almost 
horizontal, stratification parallel to the axis of the dam. The seams 
were extensive in area and varied in thickness from mere contact 
lines of bedding planes to openings of several inches. Some were 
water bearing, while others were either filled with clay or open. The 
rock, as evidenced by the cores, was of an excellent quality of hard, 
close-grained dolomite that tested about 25,000 pounds per square 
inch in compression. At a depth of about 28 feet below the original 
rock surface, a layer of badly broken, seamy rock was found to exist 
generally under the entire area of the foundation. The thickness of 
this fractured band was approximately 3 feet and the rock was of 
such quality that no apprehension was felt as to its ability to carry 
the load imposed by the structure. Since it was felt that this 
material could be satisfactorily treated by grouting, it was decided 
that it would be unnecessary to excavate down to it. 

Large core holes . — The value of an investigation made by means 
of small holes is greatly increased when supplemented by holes 
large enough to permit the entry of a man. This permits the rock 
to be studied in its original, undisturbed state to an extent that is 
not possible in shafts that have been excavated with explosives, 
wedges, and percussion drills. The large cores do not suffer from 



SECTION THROUGH HOLE 

Figure 168 . — Periscope for exploring drill 
holes. 
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grinding and blocking as they do not rotate within the drill bit. 
This project was the first to use 36-inch core drills for foundation 
exploration, and it was found that the cost of the 36-inch holes was 
not excessive. The greatest limitation upon this work is imposed 
by the ground water. The first 36-inch hole was carried to a depth 
of 44 feet where it was necessary to abandon it on account of the 
heavy inflow of groundwater. The depth at which this inflow 
became so great that the driller was unable to work in the bottom 
of the hole to remove core usually fixed the depth to which the hole 
could be drilled. To remove the core when a full barrel (30 to 36 
inches) had been cut, the drilling tools were removed and a man 
lowered to the bottom of the hole. A shallow hole, into which a 



Figube 169. — Typical foundation area . 


lioistmg pin was wedged, was drilled with a jackhammer in the cen- 
ter of the core and a very light charge of dynamite placed in the 
groove beside the core. Explosion of the dynamite broke off the 
core at the base, and it was hoisted to the surface. Considerably 
greater depth could be reached in any case by advance grout ing of 
the region to be penetrated. 

The knowledge obtained from drill records, exploration records, 
inspection of 36-inch holes, and observations of the structure of 
exposed rock was correlated to form the basis of the final plan of 
treatment. It was decided to remove the rock under that part of 
, ® g^vrty section lying m the river bed down to a seam that under- 
laid tile OTlirinfl 1 fnn tv n an * j 


be earned only sufficiently deep to meet construction require- 
incrats or to remove weathered and unsound material. The surface 
J* ®L the F0 ^ : e ?P osed at seams or bedding planes was found to 
I® .» downstream and was marked by frequent domes 
and hollows that would afford an excellent mechanical bond to resist 
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sliding. The great frequency of these irregularities is shown clearly 
in figure 169. 

Drilling scheme . — The scheme of interlocking patterns was found 
to give a better chance of forming a complete grouted cut-off than 
any simpler method considered. It also possessed the advantage of 
permitting a large number of holes to be drilled simultaneously, 
thus contributing toward the improved progress of construction at 
a stage when delays might prove costly. It was a generally recog- 
nized advantage to cover the foundation with concrete as soon as 
possible in order to reduce the possible damage that might be caused 
by floods and prevent spalling of the newly exposed rock by tem- 
perature changes. 

Washing seams for shallow grouting* 

It was desirable to remove the clay and other unsound material 
from seams before grouting, and the methods of washing devised 
were greatly facilitated by the group system of drilling. The water 



emerging from the adjacent holes would bring part of the material 
to the surface, and it is probable that large quantities of loose mate- 
rial were washed to distant areas in the seams. A. mixture of air 
and water was found to be more effective than water alone as the 
expansion of the air produced a turbulent flow that increased the 
erosive powers of the fluid. The air also acted as a lift to bring 
the material to the surface through other holes. 

Flew reversing device . — To facilitate the washing of seams, a flow 
reversing device was used for reversing the flow of the air. In wash- 
ing a pattern, it was customary to connect a supply of water to one 
hole to connect air to the holes on each side of the water connec- 
tion. By manually operating the four-way valve at frequent inter- 
vals, the water in the seams was maintained in a turbulent state that 
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was very effective in dislodging clay and decomposed rock. Figure 
171 shows a group of holes undergoing washing, with the mixture of 
air and water gushing from a hole near the air receiver in the center 
of the photograph. When the washing of a pattern was started, most 
of the holes would be capped and, as the flow became clear, the caps 
would be switched about to change the path of flow of the fluid. In 
this manner each pattern was washed until the clarification of the 
efiluent water indicated a reasonable freedom from clay and other 
undesirable material. These methods were used under the spillway 
apron and powerhouse. 

~W ashing individual seams . — Under the gravity section, each seam 
was isolated and washed individually by means of the double ex- 
pander. After exploration of the hole hacl disclosed the location of 



Figure 171. — VTashing operations. 

the seams, this expander was inserted in the S^-inch core hole located 
at the center of the pattern. The double expander was placed so that 
the rubbers were an equal distance on each side of the lowest seam. 
The expanding nut was then tightened and water and air forced in 
until all possible interconnection with the wagon drill holes in the 
group had been established. As soon as reasonably clear water flowed 
from a hole, it was capped in order to force a passage to other holes. 
Frequently, holes that offered great resistance at the beginning of 
washing operations would open and take water quite freely after pres- 
sure had been applied for several hours. The washing was always 
started at the lowest seam in a hole, and progressed upward. When the 
exploration revealed a seam so close to the bottom of the hole that it 
could not be spanned with the double expander, a single expander 
that permitted a through passage of the water was set above the 
seam. Normally, the rubbers on the double expander were spaced 
24 inches apart but, when a closely seamed zone exceeding in thickness 
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the length of the span occurred, the spacing was increased. At the 
same time that the seams underlying a pattern were being washed 
individually through the core hole, the air receiver used for producing 
turbulent flow was connected to the wagon drill holes. Finallv, to 
complete the washing operation, every hole was blown clear of mud: 
with an air jet immediately before grouting was started. The length 
of time required for working on a pat- 
tern before it could be considered suffi- 


ciently washed was found to vary 
between 6 and 24 hours and was deter- 
mined largely by the judgment of the 
inspector. 

Pressures of air and water for wash- 
ing shallow grout holes were limited to 
30 pounds per square inch, and it was 
at times necessary to reduce this limit 
in order to avoid lifting the rock. The 
safe pressures for washing and grout- 
ing were best determined by learning 
the depth to the uppermost seam. The 
weight of the rock over this seam was 
then computed. The theoretical pres- 
sure coulct ordinarily be exceeded some-' 
what as it was safe to assume, that pres- 
sures did not exist under the entire area 
and that the surrounding rock would 
offer restraint through slab action. 
Upheaval gages, to give an indication 
when the safe pressure was being ex- 
ceeded, were located at intervals over 
the area of the foundation. These 
gages were observed during both wash- 
ing and grouting operations and fre- 
quently served as a warning that the 
safe pressure was being exceeded. 

Shallow grouting. 

In general, the system that has been 
described was used in preparing for the 
shallow grouting of the foundation 
area, but at times a modification of 
these methods was used to adapt them 



to special conditions. Under the spill- 


way apron, where it was considered 
important to reduce uplift pressures to 


Figure 172 . — Double expanders 
used in 3-inck and SYfinch holes . 


a minimum, the A and B patterns were 

first drilled and grouted to a depth of 20 feet. Following this pri- 
mary grouting, a system of 40- foot holes, evenly spaced between those 
first drilled, was superimposed upon the original patterns and the 
same sequence of operations was repeated. 

The pattern system of grouting, as described, was followed in 
general over the greater portion of the foundation area. Only under 
the spillway apron and in blocks 25 and 26 was the primary pat- 
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tern system followed by a secondary system extending to a greater 
depth. Under the gravity section, grouting was always started from 
the core hole at die center of the pattern and the wagon drill holes 
were capped as overflow occurred. After refusal had occurred on 
the core hole, the wagon drill holes were grouted individually and 
ordinarily took very little grout. The quantity depended to some 
extent upon the length of time that had been spent in grouting the 

core hole. , , , . _ 

In the second cofferdam enclosure, the above plan was altered 
wholly as a matter of expediting the work to avoid delaying the 
construction program. The alteration affected only the area in this 
cofferdam lying under the spillway apron and consisted of dividing 
the area into three parts that were drilled and grouted separately, 
the holes being located at the intersections of lines forming a 10-foot 
grid. 

The west abutment was composed of a number of narrow" ledges 
underlain by seams, and it appeared desirable to discontinue the pat- 
tern system and to treat each seam separately. In the east abutment, 
the ledges were much wider and the pattern system was modified so 
as to obtain the best results on each one. These benches resulted 
from excavating back into the abutments along seams that formed 
the floor of the excavation, and the seams were usually followed until 
the ledge rock became sound enough so that it was not economical to 
remove more. For grouting, drilling from the next bench above was 
then carried deep enough to penetrate the seam that formed the floor 
of the bench below. Having drilled out a bench., the holes were 
flushed heavily with air and water, and 1%-inch pipes about 5 feet 
long were thrust back into the seam at intervals of approximately 
10 feet. The seam between and around the pipes was then packed 
to a depth of about_ 18 inches with stiff ^ mortar. When the mortar 
had hardened, washing was resumed, this time using both the drill 
holes from above and the pipes that lead into the seam. Grouting 
was done in the usual manner, capping the pipes when grout flowed 
from them. 

In the case of one particularly large clay -filled seam, it was feared 
that removal of all of the loose material by washing would so weaken 
the support of the ledge above that there would be danger of ruptur- 
ing the rock. To forestall such trouble, several small groups of holes 
were distributed over the area and drilled through to the seam from 
the bench above. About one cubic foot of thick mortar was poured 
into each hole, thus forming supports that would carry the load when 
the loose material had been removed. 

* Surface leaks . — When washing indicated that leakage of grout 
could be expected to occur where seams intersected the surface, these 
seams were caulked in advance with oakum and lead wool backed up 
with wooden wedges or packed with a dry mortar of quick-setting 
cement. Where a seam appeared at the base of a vertical face, a 
rtmgh form was sometimes built a short distance from the face and 
filfcd with concrete through which pipes carried any water that 
might fee Sowing from the seam. The pipes were later capped when 
fjpont flowed from them. The flow of grout was maintained at all 
tunes during the caulking, despite the apparent waste of material, as 
it was only in this manner that the loss of holes could be prevented. 
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Holes made useless, usually termed “lost,” as the result of a tem- 
porary cessation of grout flow had to be replaced by additional 
holes: and even this did not necessarily insure that the area would 
be satisfactorily grouted. 

It was frequently found that the thin edge resulting where a seam 
intersected the surface of the rock at a small angle caused trouble 
by lifting when the seam was grouted under pressure and that caulk- 
ing of the leak only resulted in additional uplift. In such cases, it 
was usually necessary to reduce the grouting pressure and pump 
slowly with a thick mix, allowing some 'grout to waste until the seam 
had filled and plugged. When it was learned in advance that such a 
condition existed, jackhammer holes were drilled vertically from the 



Figure 173. — Expander far uxzgon drill holes . 

surface just deep enough to penetrate the seam, and they were 
grouted at a low pressure of 5 or 10 pounds. The deep holes for the 
patterns were then drilled through this seam and grouted as usual. 

Hole connections . — As soon as the drilling of a pattern had been 
completed, the holes were blown clear of muck to the bottom. After 
this, a 1*4 -inch nipple 18 inches long was placed in the top of each 
hole. If time permitted, these nipples were lightly caulked in with 
oakum and then grouted with quick-setting cement. It was then 
necessary to allow the grout to set before washing was started. Or- 
dinarily, time did not permit the use of grout and the nipples were 
caulked in with lead wool. A quick- working, simple expander was 
developed after the shallow grouting program was completed, which 
proved very satisfactory and economical. 

Grouting procedure . — It was always considered desirable to place 
the mixer as near the hole being grouted as practical, but construc- 
tion activities and the necessity of trucking cement to the location 
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usually governed the choice. Frequently, it was necessary to pump 
the grout for a distance of several hundred feet, and a modified cir- 
culating system was chosen as offering the most satisfactory and eco- 
nomical method of handling it, As may be seen in figure 14:3, the 
grout was pumped to a header connected to the nipple at the hole, 
where its flow could be controlled by means of valves so that the de- 
sired pressure was maintained at all times. This control was neces- 
sary when the refusal pressure was determined in advance. The 
characteristics of a hole were frequently such that, at the rate of 
pumping maintained, the refusal pressure occurred as soon, as grout- 
ing was started, although a considerable quantity of grout was taken 
by the hole before it closed. By keeping the grout circulating at a 
fairly high velocity in the pipe lines, the tendency of the cement to 
deposit and form obstructions at fittings was reduced. The velocity 
required to keep the lines open depended to a great extent upon the 
prevailing temperature. Also, the modified circulating system pos- 
sessed advantages when gradual refusal was occurring, as it gave 
flexibility in controlling the pressure regardless of the rate at which 
the hole" was taking grout. 

The value of a pump for handling the grout was much greater than 
compressed air. The pump afforded additional mixing of the fluid 
and made possible a flexibility of control and continuity of flow that 
was not obtainable with the pneumatic grout machine. 

Tunnels to seal large seams. 

In addition to the grouting of the seams in the abutments, other 
measures were taken to reduce percolation to a minimum. As the 
excavation proceeded, tunnels were driven parallel to the axis, fol- 
lowing the seams forming the floors of the various benches. 

Filling tunnels . — To fill the tunnels in the east abutment, 36-inch 
core holes were drilled from the surface above and concrete was 
dumped into the holes in three-cubic-yard batches. The long tunnel 
under the core wall was filled through an 8-inch pipe from the 
surface. In the case of the tunnels that were filled through 36-inch 
holes, the portals were covered by bulkheads that extended several 
feet above the top of the tunnel. ~ It was the practice to pour con- 
crete into the 36-meh hole until overflow occurred at the b ulk head, 
thus assuring that sufficient pressure existed to fill the tunnel to the 
roof for its full length. The impact of the 3-cubic-yard batches 
dumped from the surface was sufficient to force the mass in the tunnel 
to travel the desired^ distance. 

In order to permit the injection of grout into any space resulting 
from the shrinkage of the concrete in the tunnels, and also to serve 
as air vents while placing the concrete, two 2-inch pipe headers were 
placed along the full length of each tunnel and 1-inch pipes con- 
nected to the headers were extended upward into iackhammer holes 
drilled 12 inches vertically into the roof at high points in the tunnel. 
In addition to the pipes inserted in these holes, others were extended 
into the seams. These were spaced about 10 feet apart and were 
installed for the purpose of filling the seam between the tunnels. 
They were connected to the same header, and dry mortar was packed 
between and around them where they entered the seam. The ar- 
rangement of the grout pipes in one of the t unn els is shown by 
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figure 174. After filling tlie tunnels with, concrete, grouting was 
always deferred as long as possible in order to permit grouting after 
most of the shrinkage had occurred. After the tunnels had been 
filled with concrete and grouted, the areas lying between parallel 
tunnels were drilled from above in the usual manner and any remain- 
ing open spaces were washed and grouted through the holes. Eight 
tunnels were driven into the east abutment, not including the long 
one under the core wall, and four were driven into the west abutment, 
including one that followed a cave. 



Figure 174. — Tunnel , with grout piping system installed , ready far concreting. 


Investigations for deep foundation treatment. 

The concreting of the structure had progressed sufficiently by the 
time the shallow grouting had been completed so that the deep drill- 
ing for the curtain grouting from within the gallery could be started. 
For this purpose 5%-inch shot core holes located on the upstream 
side of the gallery and sloping upstream at an angle of 10° with the 
vertical were drilled on 10- foot centers for the length of the dam. 
Vertical upheaval gage holes spaced 60 feet apart and carried to a 
depth 10 feet in excess of that tentatively chosen for the grout 
holes were drilled in advances of the grout holes. By drilling these 
holes so early it was possible to obtain detailed information concern- 
ing the location of seams. It was not possible to drill the full length 
of the dam at once, by reason of the varying stages of construction 
at different points, but when a section was made available for drill- 
ing, these vertical gage holes were always completed first. By com- 
bining the logs of the drilling and the exploration records of these 
holes it was possible, before drilling for grouting was started, to plot 
a very useful section through the rock underlying the dam, showing 
the location, thickness, and general characteristics of all the major 
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seams in this zone. This section, when developed for the full length 
of the dam, was used as a basis for planning the program of curtain 
grouting. As additional information was secured by drilling the 
grout holes, the program was modified to meet new conditions. 

Grouping of holes . — The work of drilling and grouting the holes 
10 feet apart in the galleries was divided into three parts. First, 
groups of three holes on 100-foot centers between groups were drilled, 
washed, and grouted, after which groups of three holes halfway be- 
tween the first groups were similarly treated. This left space for 
two holes between the first and second groups and these were drilled 
last. By following this plan, an effect somewhat comparable to 
stag© grouting was obtained, without tli© delays incidental to that 
method. The concentrated washing of the seams, allowed by group- 
ing the holes to secure interconnection between them, was of consid- 
erable advantage. The washing of the first groups tended, of course, 
to remove some unsound material from the surrounding area and the 
grouting of these holes effected partial consolidation of the area out- 
side of the group. The treatment through the second groups ex- 
tended to and possibly overlapped the consolidation effected from 
the first, and the final washing and grouting through the two-hole 
groups in the partially consolidated areas was designed to complete 
the formation of the grouted curtain. _ 

Exploring deep holes . — For exploring the 5%-inch inclined holes 
in the gallery, two devices, as shown by figure 167 were developed. 
These were essentially improvements upon the original “feeler” used 
for the shallow work. One was mechanical in principle and de- 
pended" upon rollers to keep it centered in the sloping holes, while 
the other was electrical and depended upon a flexible wire cage to 
keep it centered. Both were very effective in locating seams, but 
the electrical type was favored by reason of the ease of handling 
afforded by its lesser weight and the fact that it was probably su- 
perior at the greater depths. This device consisted of a centering 
cage containing a pair of spring-actuated legs so adjusted that 
an electrical circuit was closed, flashing a light for the observer, when 
either leg moved outside of the travel limits fixed by a hole of normal 
size. The cage was suspended on a %-inch bronze cable marked at 
5-foot intervals to which was closely taped an insulated single con- 
ductor. The bronze cable served as a second conductor. A latch 
held the legs in the closed position until the bottom of the hole was 
reached, when they were automatically released and were free to open 
into any seam encountered as the device was pulled* upward. Each 
hole was explored twice to reduce the risk of missing seams. 

Washing through deep holes. 

Following the location of the seams in any group of holes, each 
seam was washed individually by means of the pneumatic expander. 
This expander consisted of two sleeves of heavy gum, rubber sepa- 
rated by a piece of perforated pipe and suspended from the surface 
on a marked steel cable which was paralleled by the hose carrying 
the washing fluid. A separate hose supplied air to expand the rub- 
ber sleeves and both hoses were lashed to the cable. By centering the 
perforated pipe on a seam and expanding the sleeves, the whole sup- 
ply of washing fluid could be directed into the one seam. This pneu- 
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rna tic type of expander possessed decided advantages in places where 
the head room was limited, as in the grouting galleries, or where 
the holes were very deep. Where the head room was limited, the 
pipe that supported the mechanical type was made tip in short sec- 
tions making it rather awkward and slow to handle; and, as the holes 
became deeper, the increased weight further increased the difficulties. 
A detail of importance on these expanders was the cup. or calyx, that 
was mounted on top to catch fragments of rock that fall from seams 
and caving zones. These fragments, if not caught, would wedge in 
the space between the ex- 
pander and the wall of the 
hole and occasionally result 
in the loss of the equipment. 

In washing a group of 
holes tlie lowest seam was 
treated first. The initial 
quantity of water that the 
seam would take at the wash- 
ing pressure was then meas- 
ured by passing it through a 
calibrated orifice assembly 
that contained orifices of dif- 
ferent sizes to cover a wide 
range of flow. Checks were 
made at regular intervals 
during washing to learn 
whether the seam was open- 
ing up as the result of the 
removal of material. Air 
and water were used, mixed 
and separately, to loosen the 
material, and the expansion 
of the air brought large 
quantities of muck to the 
surface from the connected 
holes. The length of time 
spent on each seam was 
judged by the change in the 
Color of the water Overflow- Figure 175. — Pneumatic expanders, for tvaslting 
ing from connected holes. 3-inch and 5)i-inch holes . 

If there was no overflow 

from other holes, the rate of consumption of the wash water was 
measured until no increase was noted, when the expander was moved 
to the next seam above. As the overflow from any connected hole 
became clear, the hole was plugged at the surface in order to force a 
passage to the other holes m the group, and the operation was then 
continued. In this manner, each seam in each hole was thoroughly 
washed. After the washing was completed, and just before the 
grouting was started, the holes were blown out with air until they 
were clear of muck to the bottom. 

Great stress was always placed upon the importance of thorough 
washing of the seams as it was felt that the effectiveness of the grout- 
ing dependent almost wholly upon the success achieved in removing 
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the unsound material. The pressure of the wash water at the sur- 
face did not, in general, exceed 100 pounds per square inch. 

Wader-cement ratio. — The water-cement ratio of the grout was de- 
termined in advance for each group or for any individual holes not 
connected with others by measuring the quantity of water which the 
holes would take at the washing pressure. For very tight holes the 
ratio was 3.0; for holes offering a fair amount of resistance, 1.5; and 
for holes that were very open, 0.66. What was termed the normal 
mix had a water-cement ratio of 1.0. This normal mix was used on 
holes that were about average in all respects, and it possessed suf- 
ficient fluidity to be satisfactorily handled by the pumps. When 
the ratio was reduced below 0.66, the consistency of the grout was such 
that trouble was experienced in handling it with the pumps. Ex- 
treme^ accurate control of the water was not considered necessary in 
view of the fact that much of the grout was pumped into water-filled 
seams. 


Curtain grouting. 

After a group of holes had been washed and blown free of muck as 
described, short single expanders shown in figures 172 and 176 were 
placed in each hole. If connection with another group had developed 

during the washing, expand- 
ers were also placed in the 
holes of the other group. 
When a free connection be- 
tween groups existed, every 
effort was made to grout 
them simultaneously with 
separate pumps. However, 
this was not always practical 
and, in such cases, the lines 
were extended from one 
pump to both groups. 
Pumping would be started 
on one hole of a group at a 
rate of between 100 and 200 
cubic feet of cement per 
hour. When grout flowed 
from the other holes of the 
group, the overflow was 
stopped by means of valves 
installed for that purpose, 
and pumping was continued 
until overflow from the con- 
nected group resulted. The 
latter group was then closed 
i i an( ^ the pressure on both 

Ja easured - the pUm P running. If the connected 

appreciably less pressure than the group into which 
grout was diverted to the for- 
f oithbetw^f till* 1 refusal, the flow was changed back and 

wr groups J x> “fiptain approximately the same 
pressure on both. When overflow failed to develop from a group 
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with which interconnection was laiown to exist, the holes in this group 
were sampled at intervals by sounding to learn if grout was leaking 
in. If the soundings indicated that it was coming in at a very low 
rate, the hole was kept clear by blowing it out until a pump could 
be connected to it. On holes that offered initial resistance to the 
inflow of grout, the pumping was maintained at as high a rate as was 
consistent with the limits of the pump and mixer and the back pres- 
sure on the hole, as it was believed that a superior quality of grout 
resulted when it could be put in under pressure. The pressure pos- 
sibly had some effect in squeezing the excess water from the deposited 
grout, thus improving its quality. 

Pumping rate .— On holes that offered no initial resistance to the 
inflow of grout, it was necessary to exercise judgment in determin- 
ing the rate of pumping. In grouting seams of wide extent, pumping 
at a high rate might have resulted in forcing large quantities of grout 
into remote regions where it would have been wasted insofar as the 
objective was concerned. A better effect was obtained by the judi- 
cious use of a much smaller quantity of thick grout pumped slowly. 
In general, when starting to grout a group of holes, it was better to 
grout first those that offered the least resistance to flow, as determined 
by observations made while washing. A refusal pressure of 150 
pounds per square inch was required for the curtain grouting, 
although it was occasionally necessary to reduce this pressure to 
prevent harmful uplift of the structure. 

Upheaval gages . — As a result of the great area covered by the 
seams underlying the foundation, the danger of raising the structure 
by the use of excessive pressures was serious, and upheaval gages 
were installed in the grouting gallery at 00-foot intervals for the 
length of the dam. These gages as shown in figure 29 consisted of 
a piece of 1-inch pipe with its lower end anchored by grout in the 
bottom of a vertical hole that had been drilled 10 feet deeper than 
the nearby grout holes. Above the anchorage, the pipe was encased 
in 2-inch, asphalt-dipped, fibre conduit. After the pipe had been 
anchored by pouring grout through it, it was held in a vertical 
position by maintaining a strain on the top while the hole was filled 
with lean, coarse mortar. The strain was held until the mortar had 
set, thus assuring that the pipe would he restrained against exces- 
sive deflection as" the result of carrying its- own weight as a column. 
Across the top of the pipe, a bridge of li/4-inch square reinforcing 
steel carried a bronze tip that was set approximately 0.030 inch from 
a similar bronze tip on the pipe. The gap between the tips was 
measured with a thickness gage at frequent intervals during grouting 
and, if a progressive increase of as much as 0.010 inch occurred, it was 
construed as a warning that the safe pressure was being exceeded. 
When this occurred, the header was removed from the hole and the 
grout allowed to flow out, the uplift gage being observed constantly 
to ascertain when settlement of the structure had ceased. When the 
original position of the structure had been assumed, or settlement 
had ceased, grouting was resumed at a reduced pressure. 

Action of grout . — From observations made on numerous cores 
drilled from grouted seams and grouted holes it appeared that in 
seams the solid grout built up slowly in layers as the cement was 
deposited. It is probable that this deposition began when the veloc- 




THE NORRIS PROJECT 


ity of the grout was reduced as it spread out after leaving the drill 
hole. As continued deposition resulted in constriction of the passage 
the cement was deposited farther and farther from the hole. Chem- 
ical affinity between the particles of cement was also a very important 
factor in this building up of the solid material. Evidence of this 
fact was seen in cores removed from grouted holes, where it was 
frequently observed that the cement had built up in concentric layers, 


Figure 177 . — Characteristic deposits of grout. 


gradually closing in and reducing the size of the passage. The final 
closure probably resulted from the tendency of the cement particles 
in suspension to cohere to the deposited cement, gradually closing off 
toe passageway. Many things may have happened to make the 
of this final closure obscure and uncertain. Samples cored 
froiii both seams and grouted holes that seem to substantiate this 
taeory are mown by figure ITT. Since the final passage through 
winch the grout must pass was very small, the use of screened 
«e®ae»t would doubtless have delayed the closure and increased the 
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amount of cement that could be injected under any circumstances. 
Screening would not ordinarily be economically justified. 

Leakage Careful observations made regularly since the reservoir 

has been filled have failed to disclose any evidence of leakage. With 
a full reservoir and all gates closed, the total flow measured in the 
stream bed 1 mile below the dam was approximately it cubic feet per 
second- This quantity included the flow from a number of springs 
below the dam that existed before the dam was built. Test holes 
drilled to penetrate the grouted curtain at intervals of approximately 
100 feet throughout the length of the dam have revealed a degree 
of tightness that was unexpected, the total flow from all holes being 
approximately 12 gallons per minute. Nineteen drain holes, drilled 
in the spillway apron to a depth 15 feet below the grouted zone, dis- 
charge a total of 0.55 cubic feet per second. 

Sealing of rock under core wall. 

From the east end of the gravity section of the dam, a reinforced 
concrete core wall was extended 58 4 feet through the rolled earth 
fill and overburden. The scheme of grouting along this core wall 
was similar to the methods used under the dam. Holes were drilled 
10 feet apart to a sufficient depth to penetrate the water table by 10 
feet, and at 50-foot intervals the depth was increased to penetrate 
the lowest known seam. The line of holes was offset upstream 7.5 
feet from the center of the wall in order to avoid interference with 
the excavation of the core trench. As a matter of additional pre- 
caution, jackhammer holes 8 feet deep and sloping upstream were 
drilled 5 feet apart along the bottom of the trench. These jack- 
hammer holes were grouted at low pressure to fill any seams near 
the surface of the rock in the space between the core wall and the 
line of deep core holes 7.5 feet upstream. It was decided to divide 
the grouting into two zones: one above the seam at elevation 965. 
and one below it. The first drilling was stopped when the holes 
penetrated the seam- Before grouting, thick dry mortar was poured 
into the holes to form a plug at the bottom that -would prevent the 
passage of grout to the seam. The seams in the upper zone were 
washed and grouted to refusal at a pressure of 75 pounds per square 
inch. 

Paekers. — As the normal reservoir level was at elevation 1020, it 
was unnecessary to grout seams above this level, and packers of two 
types were used to control the limits of the grouting. The eleva- 
tion of the overburden from which the drilling was don© varied from 
1,060 to 1,170 and the elevation of the surface of the rock under this 
overburden varied from 965 to 1,085. The expanding, tape red-body, 
rubber-sleeve type of packer was developed for use in diamond core 
holes which are more uniform in size than shot core holes. It was 
at times necessary to use the cup-leather type when the hole was 
too large to permit the rubber to jam against the wall of the shot 
core bole. Both were very satisfactory though time was occasionally 
lost through having to wait for the* cement to set when the cup- 
leather type was used. When the hole had been grouted above ele- 
vation 965. a minimum of 24 hours was allowed to pass before drill- 
ing was resumed to carry the hole to the final depth. Following the 
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exploration and washing of the lower part of the hole, a packer was 
set immediately below the seam found at elevation 965 and the final 
grouting was completed at a pressure of 150 pounds per square inch. 

Reservoir rim investigation. 

The geological survey, made before the site was selected, revealed 
that the rim of the reservoir for a distance of 9 miles from the east 
abutment and for 5 miles from the west abutment would, by reason 

of the geological character- 
istics of the formation, prob- 
ably allow some leakage of 
water from the reservoir. 
The cost of treating, or even 
of thoroughly investigating 
such a lengthy stretch of rim 
would have been very high, 
and it was decided to confine 
the treatment to the narrow 
and more important portions 
adjacent to the abutments. 

At the beginning of the 
rim investigation and treat- 
ment, the elevation of the 
water table underlying the 
areas in question was used as 
the criterion by which the 
permeability of the ridge 
was judged. That is, a high 
water table was interpreted 
as indicating that the rock 
beneath must necessarily be 
tight in order to support the 
water and that, conversely, 
the rock above a low table 
was sufficiently permeable to 
allow drainage of the ground 
water. Care was taken to 
make certain that the investigations were sufficiently thorough to 
avoid mistaking a perched table for the real water table. The first 
step, after determining the general areas to be investigated, was to 
drill diamond core holes approximately 200 feet apart on a line 
along the top of the ridge and to a depth well below the bed of the 
river. Six holes were drilled on the east side and five on the west 
side. These holes were sounded daily for a sufficient length of time 
to determine the elevation of the water table and its relation, if any, 
to the water in the river. Where apparently open or pervious areas 
were found, as judged by the sensitivity of the table to changes in the 
elevation of the river water, other holes were drilled on each side 
of the ridge to establish a gradient and to ascertain that no tight 
hai rier existed in the side of the ridge away from the reservoir. 
Wtea the areas had been drilled, daily soundings were made, ex- 
tending over a period during which sufficient variation in river level 
occurred, so that the characteristics of the holes were definitely estab- 
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lished. Some holes followed closely from the beginning every change 
in the elevation of the river water. Other holes never reacted to 
changes in the elevation of the river water and some did not begin 
to fluctuate with the reservoir until it rose to higher elevations, indi- 
cating the certainty that an open seam existed at the elevation at 
which the activity started. From the information obtained by sound- 
ing the holes, a contour map of the water table underlying the areas 
adjoining the abutments on each side of the river was made and this 
map, in conjunction with contour maps of the ledge rock, and of 
the ground surface, was used to determine the location of the line 
of grout holes. Figure 179 shows an arrangement of cellophane 
straws, containing adjustable solid straws, which was very useful in 



Figure 179 - — Model used to study the effect of grouting on the ground water table. 

studying the fluctuation of ground water in the reservoir rim. The 
line of grout holes is shown on the contour map and the effects of 
the grouting were plainly discernible when the straws were properly 
adjusted. On the west side, the line was located well upstream from 
the extended axis of the dam in an effort to avoid wasting grout 
into a large cave found during the excavation of the abutment. 

Cave in west abutment . — The cave found in the west abutment at 
elevation 980 was partially filled with clay and crossed the axis of 
the clam at an angle of approximately 18°, the direction of principal 
jointing of the dolomite. An effort to follow it by removing the clay 
resulted in a serious cave-in of the overburden. That part of the 
cave that had been cleared was filled and a sink was formed at 
elevation 1,160 under the cableway head tower tracks. This necessi- 
tated a cessation of practically all construction activity until the sink 
could be spanned with a reinforced concrete girder. The sink formed 
by the cave-in apparently occurred in a large vertical drain or solu- 
tion channel that had formed through the rock and originally drained 
the higher elevations to the cave opening on the bluff. Further 
removal of loose material to permit exploration of the cave was 
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abandoned as it was feared that additional trouble might be experi- 
enced at the head tower tracks. 

SouTbding holes . — The sounding of 2% 6 - inch holes 400 feet in depth 
to determine the elevation of the ground water was something of a 
problem and it was found that the most satisfactory device for this 
purpose consisted of an inverted cup suspended on a steel tape. A 
distinct plopping noise resulted when the cup hit the surface of the 
water. This sounder was suspended oil a 500-foot, narrow, graduated 
steel tape and, when wound on a reel, proved an effective and easily 
portable device. 

Rim grouting. 

Having determined the approximate location of the water table 
and of the rock surface in the areas in question, and having obtained 
a general idea as to the frequency, location, and size of seams, it was 
next necessary to locate the lines upon which the grout holes were 
to be drilled. On the east side, elevation 1,020 was set as the upper 
limit of the grouting, with holes spaced . 50 feet apart. On the west 
side, due to the cavernous rock, the proximity to the abutment of the 
region of low w'ater table, and the certain existence of extensive seams, 
the upper limit of the grouting was raised to elevation 1,050 through 
the most permeable portion, and the spacing of the holes was decreased 
to 20 feet. On both sides of the river, the holes were drilled to a depth 
below river bed. 

Jaw packers . — Since practically all of the holes were drilled from 
an elevation well above the upper limit of the grouting, it was desir- 
able to avoid waste of the grout by confining it to the regions where 
it was needed. For this purpose the jaw packer was developed. In 
practice, the packer was set by lowering it to position on 1^4 -inch 
electrical conduit. Conduit was chosen in preference to pipe because 
the short joints of uniform length and lighter weight were easier to 
handle. Having placed the packer at the desired elevation, a weight 
called a jar rod was lowered on a line until it rested upon the tapered 
jaws of the packer. This jar rod was made with a sliding body 
so that it could be driven quite forcefully against the jaws by raising 
and releasing the body with the handling line. The teeth on the 
packer jaws were forced to grip the wall of the hole and were 
held in this position by the weight of the jar rod. The conduit 
was then released slowly and its downward motion forced the 
rubber sleeve to expand upon the tapered body of the packer 
until it jammed against the wall of the hole and formed a seal. 
The jar rod was then withdrawn, as the friction of the rubber 
against die side of the hole was usually sufficient to support the 
column of pipe. When the friction was not sufficient, the weight 
was supported by a clamp that rested upon the top of the casing. 
On completion of grouting, the packer was removed from the hole 
mad was ready again for immediate use; To preclude the possi- 
bility of losing the conduit should the packer become hung in any 
manager, the connection where it joined the packer was threaded 
felt hand so that the full length of conduit could be released by 
tapoung' it- 

*W&ier tests.- — Having set the packer at the desired elevation in a 
bde, a water test was made in an effort to gain some idea as to the 
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quantity of grout that would be taken. The usual range of test 
pressures varied between 25 and 50 pounds per square inch. This 
test was of value in that it was generally true that a tight hole would 
take little grout whereas a very open hole could be expected to take 
large quantities. Attempts were made to test the holes in 5- foot 
intervals by using two groups of cup leathers, facing each other and 
separated by 5 feet of perforated pipe. Although this method had 
been used successfully, it was found to be wholly unsatisfactory as 
attempted here. The leathers would catch in seams and bend back, 



FiGi'RE 1 80. — Jar rods and packer*. 


or would reverse from the pressure of the water, or would be placed 
opposite a seam and have no support from the wall of the hole. The 
process was too laborious, considering the number of withdrawals 
necessary, and too uncertain to justify the delay and expense involved. 

Seams . — As previously stated, the elevation of the water table was 
considered very important in determining the locations of the per- 
meable portions of the rim, but, as more information concerning the 
location and size of the various seams was obtained from the drilling 
of the grout holes, the work became more and more a problem of fol- 
lowing and checking these seams carefully, regardless of the posi- 
tion of the water table. The grouted curtain was ended on each 
side where the water table was found well above reservoir level. Al- 
though it was recognized that it was quite possible that leakage would 
occur through the rim both within and beyond the grouted portions, 
it was not felt that the expense of investigating and treating the 
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entire part of the length that was questionable would be justified. 
In view of this fact, it was decided that the necessity for any addi- 
tional treatment would be determined after the reservoir had been 
filled for some time and the seriousness and extent of any leaks 
observed. 

The grouting of the reservoir rim differed from that of the dam 
foundations in several major respects. No attempt was made to 
wash unsound material from the seams, as it was felt that the small 
size of the 2% 6 -inch holes, spaced so widely, precluded the possibility 
of applying a sufficient volume of water to do any real good. A 
complete replacement of unsound material with grout was not sought 
but rather a consolidation of this material by penetrating and filling 
the interstices with hard grout injected under sufficient pressure to 
compact the loose material in the seams. It was known that the 
openings in the rim were of such size and extent that, by maintain- 
ing a high rate of pumping, the grout could be forced, to travel un- 
needed distances, increasing the consumption of material consider- 
ably. Accordingly, the rate of pumping was usually limited so that 
not more than 80 to 100 cubic feet per hour of solid material was 
handled by one pump. The determination of this rate was not based 
upon any assumed conditions as to the most effective rate for securing 
the desired consolidation, but was chosen because the pump and mixer 
handled this quantity without undue wear and because sufficient ve- 
locity of the fluid was maintained to prevent the troublesome deposi- 
tion of grout in the lines and in the pump discharge chamber. 

Pressures . — In general, a refusal pressure was arbitrarily set at 25 
pounds per square inch at the surface in the belief that this pressure 
would afford the desired consolidation in the upper seams without 
causing undue waste in the lower regions. Since a general tighten- 
ing of the rim was evidenced as the program neared completion, the 
pressure was somtimes raised to 100 pounds per square inch in order 
to consolidate more effectively areas offering greater resistance to the 
injection of grout. 

Use of rock flour - — With the thought that a fine inert material 
might be used with cement to form a satisfactory and economical 
grout for rim tightening, a settling basin was built to collect rock 
flour from the sand classifier of the aggregate plant. This material 
also possessed value as a medium for improving soils for agricultural 
use, for which purpose it could have served if it had been found to 
be unsuitable for grouting. 

Preliminary tests . — To determine the suitability of the rock flour 
cement mixture for grouting, preliminary field tests were made in an 
attempt to learn the characteristics of the resulting product. The first 
test was in the form of a trial run of the material through a pipe 
about 200 feet long, laid with the usual number of fittings and 
irregularities, and then returning to discharge into the mixer. The 
grout consisted of equal parts of cement and rock flour and had a 
water-solid ratio of 1.0. The mixture was circulated from the pump 
very slowly to give it every opportunity to deposit and build up in 
the pipe line if them should be any tendency for this to occur. The 
hatch in circulation was replaced with a fresh one every 2 hours to 
avoid the loss of chemical properties that occurs when cement re- 
mains in an agitated solution too long. Samples of the grout were 
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obtained from the mixer and observed for rate of setting, hardness, 
and for a general comparison with cement grout. The test was con- 
tinued for 48 hours, after which time the pipes and pump were 
dismantled and found to be bright and clean, altogether different 
in appearance from what would have been expected if only cement 
had been used. In the case of cement grout, pumped at the same rate, 
the lines would have plugged with the material soon after the test 
was started. The samples that had been taken from the mixer were 
observed to set and harden at a rate that indicated considerable 
retardation when compared with regular cement grout. These pre- 
liminary and decidedly crude tests indicated that the characteristics 
of rock flour cement grout differed from those of cement grout to 
a degree that would make it desirable to revise the scheme of grouting 
if its use was adopted, and established the necessity for laboratory 
tests supplemented by additional investigations in the field. 

Importance of time- of -set . — It may be safely assumed that, in 
grouting extensively seamed rock at a fixed rate of pumping, the 
area that will be covered is dependent to a large extent upon the 
time-of-set of the cementing material. By the use of a slow -setting 
material, the distance travelled by the fluid may be increased so 
that areas completely outside of the region requiring treatment will 
be grouted and the quantity of material necessary to effect con- 
solidation increased appreciably. Obviously, though the unit cost 
of the grout might be reduced by the use of a cheap, inert material 
to replace part of the cement, the total cost of treating a given area 
might be greatly increased as the result of the larger total quantity 
of material consumed. 

Addition of calcium chloride . — For these reasons, tests were made 
to determine the effect upon setting time secured by the addition 
of calcium chloride to the grout. It was learned that, by the addi- 
tion of 3 pounds of calcium chloride to each 100 pounds of the cement, 
the set could be accelerated to a degree that would counteract the 
retardation resulting from the use of rock flour to a marked extent. 
The resulting product possessed characteristics of pumping and 
handling similar to those of the regular portland cement grout. 
Compressive tests on specimens removed from the mixer in the field 
seemed to indicate that the product was sufficiently sound to resist 
erosion. In appearance, the product was little different from the 
regular grout, being dense and apparently impermeable, though 
not quite as hard. Specimens cored from grout-filled seams, after 
the rim grouting was under way, failed in compression at 2,000 
pounds per square inch at an approximate age of 45 days. 

Handling rock flour . — It was found after a trial run that the rock 
flour contained a quantity of fine clay that failed to disintegrate in 
the course of mixing in the regular manner. It also contained a 
small proportion of coarse material that made screening desirable. 
After some experimentation, in an effort to disintegrate the rock flour 
with jets, it was found that the most satisfactory method of breaking 
it down was by means of a separate, mechanically agitated mixer 
from which the rock flour passed in solution, through a screen, to 
the grout mixer. The mixers were very similar to those used for 
grout, being driven by the same type or air motor but having one 
compartment instead of two. For proportioning, the rock flour was 
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measured by counting the number of sliovelsfull placed in the mixer, 
with an occasional check with a measuring bos. Though this method 
seems crude, the nature of the material, its cohesiveness and resistance 
to breaking down into a granular form, made any other practical 
method very slow and difficult. 

Sand for" grouting . — During the preliminary grouting for sealing 
the first cofferdam, one attempt was made to obtain economy by mix- 
ing sand with the grout. The sand was placed in the mixer with the 
intention of handling it in the regular manner, and in a very short 
while, the pump and lines were plugged solidly. After this unsatis- 



Figure 181. — Sand grout cores . 


factory trial, the use of sand was not attempted again until it became 
necessary to grout some holes in the rim that were known to pene- 
trate very large openings. In this case, the holes took grout so freely 
that a vacuum existed at the surface and a funnel was installed on 
the header at the hole. Sand was shoveled into the fu nn el where 
small water jets aided its flow. Knowing the rate at which the grout 
was being pumped, it was possible to proportion the mix by adding 
sand at a fixed rate. In this manner, the sand was handled very satis- 
fiustorily and a large quantity of it was placed in the two holes in 
^ was **sed. However, the sudden and peculiar manner in 
which the holes refused the grout raised some question as to the wis- 
of usang this material, and its use was discontinued. Subsequent 
wbaHing and regrouting of the holes that had refused to take more 
of the sand grout further confirmed the belief that it was unsuitable, 
in it. ws# Iwand that it was possible to pump a large quantity of the 
cement rock flour grout into the same seam that had been previously 
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plugged with the sand mixture. Cores of the sand grout that were 
later removed from nearby holes indicated a tendency toward segre- 
gation, the material being lean and crumbly and generally poor. 

Conclusions. 

The treatment of every foundation offers new and unforeseen 
problems to which judgment and experience offer the best solution. 
By reason of its nature, such work does not lend itself to control by 
rigid specifications and, once the broad plan of approach has been 
determined, the responsibility for changes necessary to cope with the 
various emergencies that arise must be placed upon the men in the 
field. It is seldom that the quality of the work can be permitted to 
suffer from the interruptions incidental to consultations and studies 
and the changes are usually in the nature of emergencies. For this 
reason, it is well to choose inspectors possessing initiative and judg- 
ment for directing the work. 

The uncertain character of the work makes it impractical to esti- 
mate the cost of foundation treatment in advance. It is true that 
unit costs may be estimated with reasonable accuracy but it is impos- 
sible to determine the total quantity of materials that will be required. 
Having no basis of comparison, it is therefore difficult to judge 
whether the work is being performed economically. However, by 
constantly keeping in mind the object of the work" and by so regu- 
lating the pumping rates and fixing the refusal pressures that the 
least amount of material, commensurate with the maintenance of the 
desired standard of quality, is used, appreciable economies may be 
effected. In practice, this means that a study must be made to deter- 
mine the characteristics of every hole or group that is to be grouted 
and that methods must be varied to suit the individual peculiarities 
of each. 

It was realized from the start that the foundation treatment con- 
stituted a major problem and that its success depended to a great 
extent upon the effectiveness with which it would be possible to re- 
move unsound material from the numerous extensive seams and to 
replace it with grout. The equipment developed for this purpose 
and for other special uses was found to be highly satisfactory. 

CONCRETING 14 
Preliminary cement studies. 

Early cement studies were based on an expected time interval of 6 
days between successive 5-foot concrete lifts in the dam. Because 
of this long time interval between lifts, only a small difference in 
temperature rise between low-heat cement and normal portland could 
be expected in the mass concrete of the dam. There was some doubt 
about obtaining grout able joint openings between construction blocks 
if low-heat cement were used, and there was some concern about the 
possibility of obtaining a strictly low-heat cement at a reasonable 
cost. A normal portland cement was considered undesirable because 
of possible high tricalcium aluminate (C S A) , low fineness, and non- 

« This discussion of concreting has been taken from TV A Technical Monograph No. 27, 
Concreting at Norris Dam, by I, I*. Tyler, September 1037 (price $1.75). 
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uniformity ip general, and specifications covering two special types 
of cement, a low-heat cement and a modified portland cement, were 
prepared. 

Both specifications covered such items as theoretical compounds, 
fineness, and strength, but had no direct requirement for heat of 
hydration. It was assumed that compound composition would be a 
sufficiently accurate measure of heat. 

The modified type B cement specifications differed only slightly, 
from those for normal portland cement. The essential differences 
were in a maximum 8 percent tricalcium aluminate (C 3 A) require- 
ment, a 1,600-2,200 square centimeter per gram fineness requirement, 
and 35-55 percent tricalcium silicate (C 3 S) limits for type B cement. 
The type B cement was expected to have a heat of hydration of less 
than 90 calories per gram in 28 days. This is somewhat lower than 
that of most normal portland cement, and is due largely to the lower 
tricalcium aluminate (C 3 A). 


Table 84-. — Cement specifications 



Type A require- 
ments 

Type B require- 
ments 

Normal Portland 
(A. S. T. M.) re- 
quirements 

Mini- ; 
mum 

Maxi- 

mum 

Mini- 

mum 

Maxi- 

mum 

Mini- 

mum 

Maxi- 

mum 

Chemical analysis 


3.00 
.85 

2.00 
5.00 

1.50 

7 

35 

60 

20 

2,300 


3.00 
.85 

2.00 
5.00 

1.50 

8 

55 


4.00 
.85 

2.00 
5.00 





Sulfuric anhydride (30») do 

— 





Batio ferric oxide (Fe*Oi) to aluminum 
oxide (AljOx) 




Theoretical compounds 

TrksWniB alnmlTmitt fC5, A) pprcput. 





T ricalcstun silicate (CiS) do 


35 



Di calcium silicate (C*S).__ do 




Tetracalciam alamino-ferrite (C<A F)_do 






Physical tests 

Fineness * 

1,700 

Sound 

1 hour 

1, 600 

1 Sound 

1 hour 

2, 200 


22 percent 

Soundness 

Sound 

1 hour 

Initial set * 




Final set* . 

10 hours 

10 hours 

10 hours 

£ 

< 

3 1,000 

3 2, 000 

» 1, ,500 

3 2, 500 

4 275 

4 350 

2S-day strength j 




1 





5 Fim-np-ss of type A and type B cements measured in terms of specific surface in square centimeters per 
Braun by vV agner turbidimeter. Fineness of normal portland measured by percent retained on 200-mesh 

screen. 

* Gilhnoare needle. 

* Compressive strengths measured on 2 by 4 test cylinders using a 1-3 mortar of standard Ottawa sand. 
Later specifications for type B cement permit the use of 2-inch plastic mortar cubes with minimum strength 

.53 pounds per square inch at 3 days, 1,500 pounds per square inch at 7 days, and 2,500 pounds per square 

men at 28 days. 

* Tensile strengths measured on mortar briquettes using standard Ottawa sand. 

Bow-heat type A cement specifications were similar to those for 
type B except that tricalcium aluminate (C S A) was lowered to 7 
percent, fineness was raised to 1,700-2,300 square centimeters per 
gram, tricalcium silicate (C 3 S) was limited to a maximum of 35 
percent, dicalcium silicate (C 2 S) was limited to a maximum of 60 
percent, and tetracalcium alumino-ferrite (C 4 AF) was limited to a 
maximum of 20 percent. The latter two items were not included in 
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the type 3 specifications. Strength requirements were slightly lower 
for the type A cement. 

Detailed specifications covering the two types of cement under 
consideration are given in table 84. Specifications for normal port- 
land cement as prescribed by the American Society for Testing 
Materials is also given in the table for comparison. 

Consideration was given to the possible use of a blast furnace 
slag cement as a partial replacement of the portland cement, and 
extensive tests 15 were made to determine the suitability of such a 
mixture of cements. Test results were not favorable to tlie portland- 
slag cement mixture, and consideration of its use was abandoned 
for the time. Later it was decided to use a mixture of portland 
and slag cements in one complete construction block of the dam, 
thus furnishing a direct comparison by a full-scale test of modified 
portland cement with a modified portland-slag cement mixture in 
mass concrete. Details of these tests are given in appendix E. 

Final decision to use the modified portland cement instead of the 
low-heat portland was based on the following considerations: 

1. It was known that the type B cement could be manufactured 
by cement mills in the vicinity with little difficulty, but there was 
some doubt that the low-heat cement could readily be produced with 
the raw materials available. 

2. Concrete^ using low-heat cement might cause trouble in cold 
weather, particularly in thin concrete sections, due to its slower rate 
of hardening, and thduse of two types, one for use in warm weather 
and the other for use in cold weather, might be found necessary as 
a result. 

8. Concrete containing low-heat cement would require a longer 
curing period than that using type B cement. 

4. There would be a decided advantage in having one cement spec- 
ification for all Tennessee Valley Authority projects, some of which 
could not use low-heat cement economically. 

Mixes* 

During the early stages of construction, mixes determined by early 
tests were used as far as the aggregates manufactured would permit. 
The recommended aggregate grading is shown in table 85. 


Table 85. — Recommended aggregate grading (by iceight) 


Screen size 

Recom- 

mended 

grading 

Trial grad- 
ing 

Developed 

grading 


Percent 

Percent 

Percent 

3-inch to 6-inch 

20.(3 

15.3 

17.5 

1 H-inch to 3-inch 

15. 2 

18.5 

16.0 

3 4 -inch to lM-ineh 

13. 3 

13.1 

14.0 

3 a-inch to M'-inch 

9.5 

10.4 

11.0 

4 mesh to Hi-inch 

8 mesh to 4 mesh _ _ _ _ _ . _ 

d. 7 
6.6 

8.3 

6.4 

8.0 

8.0 

14 mesh to 8 mesh - 

7.6 

9.5 

8.0 

28 mesh to 14 mesh - - 

6.6 

7.3 

6.5 

48 mesh to 28 mesh - 

5.5 

4.5 

3.8 

100 mesh to 48 mesh . 

5. 1 

2.5 

2.7 

Minns 106 mesh - j 

3.6 

4.5 

4.5 


** Blanks, R. F.„ U. S. Bureau of Reclamation Technical Memorandum No. 362, Jan. 2, 
1934. 


155S13 — 40 


-26 
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In comparing the developed aggregate gradings of concrete mixes 
with the gradings recommended by early tests, it should be noted 
that the effective top size of the aggregate used is 5% inches and not 
6 inches as the table indicates. If consideration is given to this 
difference, the comparisons will be much closer than they appear at 
first glance. 

It was proposed tliat mass concrete using the recommended grad- 
ing have a minimum cement content of 1.00 barrel per cubic yard and a 
maximum water-cement ratio of 0.67 by weight. For concrete in the 
exposed portion of the dam, the same aggregate^ grading, a cement 
content of 1.20 barrels per cubic yard, and a maximum water-cement 
ratio of 0.60 by weight was recommended. The pass concrete placed 
in the dam during the first few weeks contained 1.10 barrels of 
cement per cubic yard and had a water-cement ratio of 0.65 by weight 
and the face concrete contained 1.25 barrels of cement per cubic yard 
and had a water-cement ratio of 0.60 by weight. 

Trial mixes , — It was necessary to modify the recommended grad- 
ing at the very start of concreting because of inability to obtain the 
desired particle size distribution in the fine sand. Experience in- 
dicated that particle size distribution in the _ aggregate had a very 
decided effect on workability and other qualities of the concrete pro- 
duced. Aggregate particle sizes between 100-mesh and 28-mesh 
screens were deficient and could not be produced in sufficient quan- 
tity at a reasonable cost. It was found that the effects of this 
deficiency, poor workability, and excessive “Water gain,” could be 
minimized by using what appeared to be an excess of material finer 
than 100-mesh from which particles finer than 325-mesh had been 
removed. 

From the results of laboratory tests 16 it was pointed out that : 

Although the available data indicate that the presence of fines (minus 100- 
mesh) up to 20 percent of the sand (minus 4-mesh) has no appeciable effect 
upon the volume change of concrete due to wetting and drying, there is a general 
impression that excessive amounts of fines contribute toward the formation of 
surface crazing and cracMng, and laitance layers. 

In view of the fact that about 2 to 3 percent more minus 100-mesb 
material than recommended was to be used, it was deemed advisable 
to make further tests regarding the relative effect of the amount of 
fines on volume change. These tests indicated that the additional 
fines did not appreciably affect the volume change. of the concrete due 
to wetting and drying. Appendix E contains test details. 

After about a month’s operation during which an attempt was 
made to use the modified recommended gradation, it was decided to 
try a new gradation in an attempt to get the most desirable grading 
possible. This trial gradation is shown in table 85. Laboratory 
tests and careful observation of concrete behavior in the forms and 
improvement in. control of aggregate manufacture and processing 
permitted development of a more desirable combined aggregate grad- 
^8 aggregate grading, moisture control, and other factors af- 
fecting workability and^ other qualities of concrete were brought 
trader control it was possible to reduce cement content without chang- 

is^° rrls Dam ’ V ' S ‘ Bureau ot RecIa “ atlMI 
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nig 1 the water-cement ratio. One of the prime factors which made 
possible the reduction in cement content was the improvement in 
vibrator efficiency. During the early stages of the job, the vibrators 
were operated at 67 cycles or about 4.000 impulses per minute. 
The frequency changers were equipped with interchangeable driving 
sheaves, making possible frequency changes in steps up to 80 cycles 
and after about two months' operations the operating frequency was 
stepped up to 75 cycles or about 4.500 impulses per minute. Another 
reason for the improved vibrator efficiency was the fact that the 
operators learned to use the vibrators to better advantage with addi- 
tional experience gained in concrete placing. In January 1935, 
about 6 months after concreting started, the vibrator frequency was 
increased to 80 cycles or about 4.800 impulses per minute. A very 
decided increase in efficiency was noted at this frequency, especially 
in stiff concrete. 

Changes in trial mixes . — All mixes, particularly those with low 
cement content, were found to be very sensitive regarding workability 
and ‘‘water gain 55 caused by the amount of minus 100-mesh material in 
the aggregate. An excess of this material produced a stiff concrete and 
a deficiency caused harshness and “water gain.” Development of a 
reclaimer for the fine sand brought the minus 100-mesh material under 
control and permitted a regrading of the aggregate. The fines re- 
claimer was first put into operation in December 1934, but it was neces- 
sary to experiment with its operation for 2 or 3 weeks before arriving 
at control methods which would give the desired product. By the 
middle of January 1935 the reclaimer was operating very satisfactorily, 
and a trial was made using only 0.90 instead of 0.95 barrel of cement 
per cubic yard in the mass concrete. The result of this trial was en- 
couraging, but the use of 0.95 barrel was continued until April 1935. 
The added vibrator efficiency as a result of the change to 80 cycles and 
the ability to control the minus 100-mesh material made possible a 
definite change to 0.90 barrel per cubic yard in the mass concrete in 
April 1935. Significant changes in the face concrete mixes were also 
made possible by having brought these factors under control. The face 
concrete was divided into two types; namely, “downstream spillway 
face concrete,” using 1.20 barrels per cubic yard with water-cement 
ratio of 0.56 by weight, and “regular face concrete,” using 1.10 bar- 
rels per cubic yard with water-cement ratio of 0.58 by weight. Prior 
to this change all face concrete contained 1.25 barrels for a very short 
time at the beginning of construction and 1.20 barrels for the re- 
mainder of the time and had a water-cement ratio of 0.60. 

The net results of obtaining control of a fair portion of the factors 
affecting the production and placement of the mass concrete were 
approximately as follows : 

X. Temperature rise in the dam was reduced about 5° F. 

2. Strengths were changed little, if any, by the reduction in cement 
content. 

3. Elastic properties were probably changed little, if any. 

4. No appreciable effect upon volume change due to wetting and 
drying as a result of the increase in minus 100-mesh material was pro- 
duced. 

5. A structure of more uniform qaulity was obtained. 
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6. Durability of face concrete was probably improved by decreasing: 
the water-cement ratio. 

7. Cost of cement was reduced by at least $150,000. 

Control of mixes . — In order to maintain the control which was so 
necessary in producing a concrete of uniformly high quality, it was 
necessary to exercise vigilant inspection of the several processes which 
combined to produce the concrete in place. There were three control 
points in the process of production where definite procedures of inspec- 
tion and testing were maintained to insure proper control. These 
were the aggregate plant, the mixing plant, and the forms. A fourth 
measure, which formed a check on the whole control plan, was the 
laboratory inspection which included the taking of the test specimens. 

Variations in aggregate grading were the most difficult to control. 
During peak production of concrete, both the coarse aggregate and the 
sand screening plants were greatly overloaded. Wet weather added to 
screening difficulties, and at times the fine rock screens were badly 
blinded by damp quarry fines. At such times, the only solution was in 
using an increased cement content for the concrete. In general, how- 
ever, gradings of the various sizes remained fairly uniform, and a defi- 
nite combined aggregate grading could he maintained for extended 
periods of time, even though the screening was not all that could be 
desired. Two definite schedules were followed in obtaining samples 
for screen analysis. One schedule of samples was taken as a basis for 
controlling the operation of the sand plant and the other was taken as a 
basis for securing the desired combined aggregate grading for the mix. 
The following schedule was used in taking samples as a basis for the 
sand production control : 


Number of 
samples 

Type of samples 

Time interval 

Sample 

(pounds) 

2 ' 

Hammer mill feed 

Daily 

30 

2 

Hammer mill product _ 

do 

15 


Circulating load - 

do 

15 

I 

Fine sand (Dorr "washer) 

2 days 

10 

1 

Fine sand (Link-Belt washer) 

rln 

10 





Very careful observations were made during the early operations 
of the plant as these samples were taken, and from the mechanical 
analyses and the observations, certain fairly definite facts concern- 
ing the operation of the plant were established. After consider- 
able experimenting, it was possible to alter the operation of the sand 
plant by using the results of the control samples and thus obtain a 
more desirable product. However, it was not always possible to 
evaluate in advance all of the factors suggesting certain changes 
and, throughout the entire job, it was necessary to do some experi- 
menting in order to produce the desired product. However, it was 
always possible to detect a change in the products and feeds of the 
sand plant by the samples and also to determine when the proper 
changes had been made to get the desired product. 

The schedule used in obtaining samples for screen analyses to be 
used as a basis in controlling the combined aggregate grading was 
si s follows : 
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Time interval 


Sample 

(pounds) 


C'hN*s _ .... Weekly. 200-50U 


I Fine rock from rr- :r.z tur.r.t ] . do . 15 

1 Medium roc-k :T jn: r-dis-.n: do . 25 

1 — Coarse rock, Train rtviskicuing tunn*-! do .. 40 


- One composite sample each shift composed of part of each moisture determination sample taken during 
the shift. 

Having established a desired grading, the weekly averages of the 
screen analyses or the averages of the screen analyses best represent- 
ing the aggregate to be used in the mix were" compared to this 
desired grading, and if very great differences existed which could 
not be corrected by altering the operation of the aggregate plant, 
then the proportions of each of the nominal size groups used in the 
mix were corrected to give the nearest approach possible to the de- 
sired grading. Changes were always made on a trial basis, and as 
additional screen analyses of the aggregate in use became available, 
more comparisons and additional corrections were made if necessary! 

Table 86 . — Average screen analyses of sand plant products and concrete aggregates 

[Percent passing] 


Sand plant products week ending Jan. 26, 1935 | Concrete aggregates in use as of Jan. 29, 1935 


Screen 

Hammer- 

mill 

feed 

Hammer- 

mill 

product 

Circu- 

lating 

load 

Coarse 

Fine 

Cob- 

Coarse 

Medium 

Fine 

Coarse 

Fine 

size 

sand 

sand 

bles 

rock 

rock 

rock 

sand 

sand 

6-inch 






100.0 







o-inch 

4-inch 



— 





85.5 







3-inch 

2t*-mch 

100.0 







12.9 

loo. 0 

100.0 




■2-inch . . ... 

67.5 











1^-inch 

64.3 





2.5 

6.8 

88.8 

100.0 



IH-imh .. 

54.5 











1-inch 

43.8 

100.0 

100. 0 









94-inch 

! 28.4 

96. 5 

97.0 



1. 2 

1. 1 

S.S 

95.2 



^• 2 -inch 

22.3 

93. 2 

90. 5 









■fs-inch 

17.7 

87.2 

77.5 



.9 

i *7* 

3.5 

38.1 



3-mtsh 

14.1 

78. 1 

56.0 

i ioo.6 

100.0 

.8 

.6 

1.3 

14.1 

100.0 

ioo.6 

4-mesh 

11.4 

68.4 

37.9 

1 86.0 

99.9 

. 7 

. 6 

1.0 

4.2 

82.6 

99.9 

8-mesh | 

7.1 

50.4 

14.3 

23.4 

98.7 

.5 

. 5 

.8 

2.2 

22.6 

97.0 

14-nr esh j 


37.3 

7. I 

4.0 

69. 2 

.4 

. 4 

.8 

1.6 

6.3 i 

66.7 

28-mesh i 


29. 1 

5.6 

3.1 

42.4 

.3 

. 4 

.7 

1.4 

4.5 : 

42.0 

48-mesh 


21.2 

4.8 

2.9 

24.8 

.2 

.3 

.6 

1.2 

3.8 ! 

: 27.0 

10 >mesh 


17.7 

3.9 

2.7 

11.5 

.2 

.2 

.5 

1.1 

3.2 | 

14.9 

Number 












samples 

5 

5 | 

5 

2 

2 

3 

6 

4 

4 

10 

IS 


The averages of the sand plant products and feeds for the week 
ending January 26, 1935, and the averages which best represent the 
concrete aggregates in use as of January *29, 1935, are given in 
table 86. 

The operation of comparing the actual grading to the desired 
grading (data given in table 86 may be used as typical case) was 
as follows: 
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1. From the proportion of each of the nominal aggregate sizes 
used in the mix previous to the date under consideration, the amounts 
of each of the specific sizes actually being used in the mix expressed 
as percents ^ ner than the indicated screen sizes -were computed 
(table 87). 

2. The percentage passing each screen size was plotted on double 
logarithmic cross-section paper with the horizontal scale divisions 
representing the clear opening in inches of the square screen sizes 
and with the vertical scale representing the percent passing these 
screen sizes. A straight line was then drawn connecting the percent 
passing the 5-inch screen with the percent passing the 8-mesh 
screen. This line represented the desired trial grading of the aggre- 
gate larger than 8 mesh. The minus 8-mesh desired grading curve 
was indicated by a second curve. This curve is expressed m per- 
cents of the total minus 4-mesh material passing the indicated screen 


STANDARD SCREEN SIZE 



09* f .2- .3“ .5* 2" 4" 6“ 

CLEAR OPENING INCHES -SQUARE SCREENS 

Ficure 182 . — Combined coarse aggregate grading. 

Tabjub 87 . — Mass concrete aggregate grading based on proportions of nominal sizes in 
use prior to Jan. 29 , 1935 


[Mix of Jan. 22, 1935. Percent passing] 


Screen size 

Pine 

sand 

26 

percent 

Coarse 

sand 

7 + 
percent 

Fine 

rock 

20 

percent 

Medi- 
um rock 
13 per- 
cent 

Coarse 

rock 

14 

percent 

Cob- 

bles 

20 

percent 

Com- 

bined 

aggre- 

gate 

Minus 
4-mesh * 

Minus 

8-mesh 

WQ-mmh.. 

48-mesh 

SfcBMafet 

%+mmh 



3.9 

7.0 

10.9 

17.3 

25.2 

mo 

mo 

0.2 

.3 

.3 

.4 

1.6 

5.8 

7.0 

33.0 

33.0 

0.2 

.2 

.3 

.3 

.4 

’.8 

2.8 

7.6 

19.1 

53.0 

; . P 

1 

1 

P; 

0.1 
.1 
.1 
.1 
.2 
.2 
.2 i 
.5 
2.6 
17.1 
100.0 

4.4 

7.6 

11.8 

18.3 

27.5 

32.9 

36.3 

41.1 

53.6 

65.9 

82.6 

97.1 
100.0 

13.4 

23.1 

35.8 

55.6 

83.6 
100.0 

16.0 

27.6 

42.9 

66.5 

100.0 

•i-iaafa i 



im-ixxeh • . _ i 



3-ineh. _ 



! 




■> ! 



— 




1 r. M. - 2JSL 
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size. _ The curve representing the grading of the material in the 
combined aggregate was also shown. The minus 4-mesh desired 
grading was developed on the job after considerable experimenting 
in the field. It represents the best grading which could be de- 
veloped with the material which this plant produced. Laboratory 
tests indicated that the grading recommended by the early tests, 
had it been obtainable, would have been the more desirable of the 
two; but, as already pointed out, the deficiency in the particle 
sizes between 2S-mesh and 100-mesh necessitated the change to the 
developed grading. 

3. If a variation from the desired grading occurred, a new set 
of proportions of the nominal sizes (table 88) was selected by trial 
which, when combined, gave the closest possible approach to the 
desired grading. 



Figure 183. — Combined fine aggregate grading. 


Table 88 . — Mass concrete aggregate grading based on proportions of nominal sixes to 

correct to desired grading 


[Percent passing] 



! Fine 

Coarse 

Fine 

Medi- 

• Coarse 

Cob- 

Com- 



Screen size 

: sand 

! sand 

rock 

um rock ; rock 

hies 

bined 

Minus 

Minas 

: 26 

i 10 

17 

14 per- 

; is 

20 

aggre- 

4-mesh 1 

S-mesh 


| percent 

j percent 

percent 

cent 

| percent 

percent 

gate 




3.9 

0.3 

0.2 

0. 1 


4.5 

12. 7 

36. 0 

4ft-mAsh 

7.0 

.4 

.2 

. 1 

* 


21. 8 

27. 3 

2S-mesh 

10.9 

.5 

.2 

. 1 

0.1 

Q.1 

11.9 

33. 7 

42. 2 

14-mesh 

17.3 

.6 

.3 

. 1 

.1 

.1 

IS. 5 

52.4 

65. 6 

S-mesh 

! 25.2 

2.3 

.4 

. 1 

.1 

.1 

28.2 J 

80.0 ! 

100. 0 

4-mesh . 

26.0 

8.3 

.7 

. 1 

.1 

.1 

35.3 i 

100.0 


3-mesh. .. 

26.0 

10.0 

2.4 

o 

. 1 


38.9 




36.0 

6.5 

o 1 

. 1 

.2 

43.0 



$f-ineh 


36.0 

16.2 

ll 2 

.1 

.2 

53.7 



lM-ineh 


53.0 

12 4 

.9 

.5 

66.3 



3-inch 



67.0 

13.0 

2.6 

82.6 



5-inch 




sa o 

17.1 

97. 1 



6-inch__ . . 





100.0 

mo 












1 F. M. — 2.99. 
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At the time represented by this example, the “fines reclaimer’ 
was still in the experimental stage; also, the fine rock and coarse sane 
contained excessive amounts of minus %-inch and minus 4-mesh ma- 
terial respectively, which with more efficient screening later wert 
eliminated to a large extent. As a result, it was necessary to reduce 
the coarse sand in order to avoid an excess of minus 8-mesh materia] 
in the combined aggregate; then, in order to have sufficient minus 
3 & -inch plus 8-mesh material, this coarse sand was replaced by an 
equal amount of fine rock. Also, in order to satisfy the minus 100- 
mesh requirement, it was necessary to use from l to 2 percent more 
fine sand than was used later when the fines reclaimer was in better 
operation. When the fines reclaimer was finally in proper operation 
and the screening of the fine rock and coarse sand was brought under 
control, it was possible to increase the coarse sand about 3 to 4 per- 
cent, decrease the fine rock an equal amount, decrease the fine sand 
about 1 to 2 percent and increase the cobbles a like amount. These 
changes coincided with the change in the cement content of mass 
concrete from 0.95 barrel of cement per cubic yard to 0.90 barrel per 
cubic yard. 

In addition to the aggregate production control samples and the 
aggregate grading control samples, one monthly composite sample 
made up from the three daily composite samples of fine sand from the 
mixing plant was analyzed chemically as a check on the uniformity 
of the quarry. The final decision to use sand manufactured from 
dolomite in the exposed portions of the dam was based on laboratory 
tests which indicated that a practically pure, uniform, and high 
quality dolomite could be expected from the entire quarry. These 
samples substantiated this expectation. 

Control of the moisture at the mixing plant depended on accurate 
and rapid moisture determination on the aggregates. It depended 
also on uniformity of moisture in the various sizes. Fine sand pre- 
sented the most difficult problem since it was stock piled very wet. 
By observing a definite routine of stock piling and by always drawing 
from that portion of the stock pile which had been well drained, 
sand with a reasonably uniform moisture content was delivered to the 
mixing plant bins. Moisture determinations were made on samples 
taken from the batcher by weighing a representative sample before 
and after drying in an electric oven. An indicating voltmeter on the 
dispatcher’s board, connected to two plate elements in the fine sand 
batcher, measured the electrical resistance of the sand and thus indi- 
cated sudden moisture content changes. By continuous comparison 
between voltmeter readings and moisture determinations, sudden 
moisture changes could be detected in the fine sand, and the mixing 
water corrected before the concrete batch to be affected was put into 
th© mixer. Moisture determinations on the five larger aggregate sizes 
were made entirely by oven drying. Variations in the moisture in 

t lar §5T P 268 were small > except in a few isolated cases. 

In addition to all of the control measures up to and including the 
mixing process, constant observation of the mixed concrete as it ap- 
peared m the transfer trains and as it appeared when being placed in 
th© forms was maintained to detect, if possible, changes in the mois- 
ture or aggregate. It was possible on many occasions to detect 
changes m bom moisture and aggregate grading which had not been 
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disclosed by the routine control measures. Visual inspection played 
a definite part in the control plan. 

Uniformity of cement played an important part in the control of 
concrete quality. At no time during the construction of the dam was 
it possible to detect changes in workability of the concrete traceable 
to variations in physical properties of the three different commercial 
brands of type B cement used. Importance of uniformly high fine- 
ness was very obvious in controlling workability and "water gain” 
in the concrete. The average fineness of all of the type B cement 
used in the structure was 1,820 square centimeters per gram (by 
Wagner turbidimeter), and the uniformity of grinding is indicated 
by the fact that the fineness of most of the cement furnished fell 
within the range between 1,750 and 1,900 square centimeters per 
gram. Had large variations in cement fineness occurred, the value of 
closely controlled sand grading would have been appreciably de- 
creased. Close control of chemical properties of the cement aided 
in providing concrete of uniform quality throughout the structure. 
Heat of hydration, although not directly limited by the specifica- 
tions, was considerably lower and much more uniform than could 
reasonably he expected of normal portland cements. Early strengths 
of concrete varied somewhat with the permissible variations in com- 
position and fineness of the cement, but tests at 28 days and longer 
indicated reasonably close comparisons. 

Mixing water was taken directly from the Clinch River and was 
used without treating. During high river stages, the water carried 
an appreciable amount of silt, and some concern was felt about pos- 
sible presence of organic matter in detrimental amounts. Color tests 
on concentrations of the silt indicated only a small amount of organic 
matter, however, and no appreciable effect on concrete strength could 
be found when the dirty water was used. Tests were made during 
the most unfavorable conditions, and as the extremely high river 
stages were rare, the effect of undesirable material introduced into 
the concrete through the mixing water was undoubtedly negligible. 

Details of mioses . — Five general types of concrete mixes were used 
in the dam and powerhouse. Modification of these and special mixes 
were also used where conditions required concrete having qualities 
not obtainable in any of the five standard mixes. Water-cement ra- 
tio determined the cement requirement of all mixes except those used 
in exposed portions of the dam, where both minimum cement con- 
tent and maximum water ratio were specified. In order to avoid 
confusion and to prevent mistakes and delays in mixing and placing, 
concrete was confined to one of the five standard mixes as far as 
possible. 

Mass concrete, including all concrete in the interior of the dam 
which was not reinforced, made up the hulk of all concrete yardage 
placed. This concrete had a maximum water-cement ratio of 0.67 
by weight, and though no minimum cement content was specified, it 
was originally assumed that 1.00 barrel per cubic yard would be as 
low as the maximum water ratio would permit for proper placement. 
The maximum nominal size of aggregate in this concrete was 6 
inches. This “protected interior” concrete offered the greatest possi- 
bility for saving in cement and was investigated thoroughly for 
means of lowering its cement content As previously noted, the 
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cement content was successively reduced from 1.10 to 0.90 barrels 
per cubic yard by bringing under better control the factors affecting 
its manufacture and placement. It is very probable that cement 
content could have been reduced still more -without change in the 
water-cement ratio had it been possible further to correct aggregate 
grading and maintain more accurate control of all mixing and plac- 
ing operations. 

For a thickness of from 6 feet to 12 feet from exposed faces, 
concrete having an appreciably lower water-cenient ratio than that 
of the interior mass concrete was used. Two mixes were used, one 
for the upstream faces and the nonoverflow sections, and the other 
for the spillway faces of the dam. Both mixes contained 6-inch 
maximum size aggregate. The division of “face concrete” into two 
classes was made after it became apparent that the specified maximum 



Figure 184 . — Concrete grading and mix data . 


water-cement ratio could be appreciably decreased without chang- 
ing the specified minimum cement content of 1.20 barrels per cubic 
yard. It was also possible to maintain the water-cement ratio of 
0.58, which was below the specified maximum of 0.60, and at the same 
time reduce the cement content. As a result, the two mixes were 
adopted as follows: For “spillway face concrete”, the cement content 
was maintained at 1.20 barrels per cubic yard and the water-cement 
ratio was reduced to 0.56 by weight; and for other “face concrete” 
the water-cement ratio was maintained at 0.58 by weight and the 
mmmit content was reduced to 1.10 barrels per cubic yard. The re- 
duction in cement content of concrete in all but spillway faces repre- 
sented a considerable saving in cement cost, and the reduction in 
water-cement ratio of concrete in the spillway faces appreciably 
increased Hie quality with no increase in cost. 

Beiiiforced concrete sections of moderate thickness having rein- 
forcing steel 10 inches or more on centers were made of concrete 
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having 1.33 barrels per cubic yard, a water-cement ratio of 0.55 by 
weight and 3-inch maximum size aggregate. This class of concrete 
was used in the reinforced training walls, large reinforced founda- 
tions. and spillway faces where the necessity for sc reeded surfaces 
or reinforcing made the use of the ‘"spillway face mix' 5 with 6-inch 
aggregate impossible. -Reinforced sections, such as powerhouse walls 
and heavily reinforced foundations, were made of concrete having 
1.50 barrels of cement per cubic yard, a water-cement ratio of 0.55, 
and a maximum size aggregate of 1^ inches. This mix made up 
the bulk of all reinforced concrete placed. A reinforced mix using 
1.70 barrels of cement per cubic yard, water-cement ratio of 0.55 by 
weight, and ^j-inch maximum size aggregate was used in the power- 
house floors and walls where reinforcing steel and conduit were so 
closely spaced that it was impractical to use 1 to -inch maximum size 
aggregate. This mix was also used in the spillway bridge parapet 
walls. A combined total of all of this type concrete represented less 
than 200 cubic yards. A special reinforced mix using 1.70 barrels 
of cement per cubic yard, water-cement ratio of 0.50 by weight, and 
Ilk -inch maximum size aggregate was used for the penstock intake 
structures and transition section and sluice tube intakes. 

Mortar for use on day's work joints contained approximately 
2.80 barrels of cement per cubic yard and had a water-cement ratio 
of 0.53 by weight- The mix was 1 to 2.1 using both fine and coarse 
sand to %-inch size. 

A wide range in quality existed between the concrete used for the 
penstock and other similar structures and that used in temporary 
gravity section cofferdams. The mix for cofferdams contained 0.75 
barrel of cement per cubic yard and had a water-cement ratio of 
0.90 by weight and 6-inch maximum size aggregate. Such concrete 
had a 'high “water gain” and was harsh and difficult to place with- 
out excess mixing water, but was found to he sound and tough at 
the times of demolishing the structure in which it was used. Charac- 
teristics of the two extreme mixes are as follows : 


Water-cement ratio by weight 

Cement 

content 

Maximum 
size segre- 
gate 
(inches) 

Crashing strength— Pounds per square 
inch 

7 days 

14 days 

28 days | 

90 days 

0.901 

0.75 

6 

948 

1,060 

1,648 

2,303 

.50 

1.70 

m 

3,321 

4,404 


6^812 


» Water-cement ratio not closely controlled. 


Strength of field-mixed concrete . — Concrete strengths using dolo- 
mite aggregates and type B cement have been somewhat higher than 
water-cement ratios would indicate. It was known that the type B 
cement had slightly higher than normal strength qualities, but 
strengths obtained were higher than could he accounted for by this 
factor alone; therefore, physical or chemical properties of the dolo- 
mite must have contributed in appreciable measure. Compressive 
strength data on 6- by 12-inch test cylinders of field-mixed concrete 
are shown in table 89. The test, data include strengths of concrete 
cylinders containing any one, or all three of the brands of cement 
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Table 89 . — Average strength of field mixed concrete Dec. 1, 1936 
MASS (6-inch aggregate — type B cement) 


Barrels of 
cement 
per 
cubic 
yard. . 

W a ter- 
ceraent 
ratio 

1. 10 

.65 

1.00 

.67 

0.97 

.67 

0.95 

.67 

0.90 

.67 

Age 

Number 
of cyl- 
inders 

Average 

strength 

I Number 
of cyl- 
inders 

J 

Average 
: strength 

Number 
of cyl- 
inders 

Average 

strength 

Number 
of cyl- 
inders 

Average 

strength 

Number 
of cyl- 
inders 

Average 

strength 

7 days 

14 days... 
28 days... 
90 days... 
Smonths- 

1 year 

2 year 

108 

41 

104 

KB 

39 

78 

2,209 
3, 169 
4, 159 
5, 597 
6, 621 
6,690 

74 

23 

68 

60 

23 

27 

27 

2,529 
3.203 
4, 047 
5, 48S 
6,060 
6. 513 
6,851 

10 

2 

6 

4 

3 

6 

2,163 

3, 608 

4, 643 
5,350 
6,957 
7,027 

354 

1S9 

306 

347 

169 

173 

2,689 
3, 523 
4,483 
5,810 
6, 397 
6,869 

— 

228 

178 

227 

256 

313 

110 

2,695 

3,485 

4,404 

5,736 

6,396 

6,876 


FACE (6-inch aggregate— type B cement) 

Barrels of 
cement 
per. 
cu bic 
yard . . _ 
Water- 
cement 
ratio — 

1.25 

.60 

1.20 

.60 

1.20 

.57 

1.20 

.56 

1.10 

.58 

Age 

Number 
of cyl- 
inders 

Average 

strength 

Number 
of cyl- 
inders 

Average 

strength 

Number 
of cyl- 
inders 

Average 

strength 

Number 
of cyl- 
inders 

Average 

strength 

Number 
of cyl- 
inders 

Average 

strength 

7 days... 
14 days... 
28 days... 
90 days.. 

6 months 

1 year 

10 

6 

14 

12 

6 

7 

2,524 

3,743 

4,858 

6,458 

7,690 

7,597 

46 

21 

48 

66 

38 

2,833 

3,810 

4,730 

6, 328 
7,057 

7, 697 

98 

51 

82 

104 

41 

48 

3, 617 
4.646 
5,500 
7,332 
7,768 

8. 609 

35 

33 

48 

54 

18 

15 

3,448 

4,483 

5, 460 

6, 862 

7, 296 

7, 963 

60 

57 

99 

96 

15 

15 

3, 522 

4, 426 

5, 360 
6,856 
7,313 
8,099 


REINFORCED (type B cement) 


Barrels of 
oenoent 
per 
cubic 
yard... 

W aier- 
eement 
ratio... 

Maxi- 
mum 
sue of 
aggre- 
gate.... 

1.50 

.57 

1*4 inches 

1.50 

.55 

Hi inches 

1.70 

.50 

1JS inches 

1.33 

.55 

3 inches 

1.4S 

.60 

1*4 inches 

A©e 

Number 
©f cyl- 
inders 

Average 

strength 

Number 
of cyl- 
inders 

Average 

strength 

Number 
of cyl- 
inders 

Average 

strength 

— 

Number 
of cyl- 
inders 

Average 

strength 

Number 
of cyl- 
inders 

Average 

strength 

7 days.... 
14 days... 
»d«ya... 
todays... 
©mouths. 

1 year 

14 

18 

I© 

5 

9 

2,762 

3, m 
4,66® 
5,494 
6,62© 
©,«! 

37 

27 

40 

36 

8 

8 

3, 319 
4,214 
5,007 

6, 498 
7,325 
7,915 

11 

8 

. 13 

6 

4 

3 

3, 320 
4,464 
5,699 
6,812 
8,025 
8,243 

21 

15 

26 

20 

3 

2 

3,431 

4,608 

5,560 

7,087 

8,763 

8,755 

G 

6 

12 

12 

2,453 

3,230 

4,085 

5,451 




Not®. — concrete having _ 
•II tests complete throat i year. 


17 ©iSK was wet l^eened through 1^-inch square 

17 pounds per square inch per second; all cylinders are 6 by 12 inches; 
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used. Comparison of the test results furnish striking evidence of 
what may be accomplished by controlling operations in the manu- 
facture and placing of concrete. 

As an additional check on quality of concrete actually placed in 
the clam, 17- by 31-inch cores were cut from several locations in the 
dam ancl tested for elastic modulus, crushing strength, and other 
properties. The strength of concrete as placed in the dam compared 
very favorably with that predicted from laboratory investigations. 
Table 90 gives essential data on properties of the specimens tested. 

The unit weight of the concrete was high because of the heavy 
aggregate used. The average specific gravity of the aggregate was 
2.82. Calculated weights checked closely with measured weights of 
cores taken from the dam. Mass concrete in place weighed 160 
pounds per cubic foot, and concrete containing l^-inch maximum 
aggregate, used in reinforced sections, weighed 156 pounds per cubic 
foot. 

Placing. 

Concrete in the dam was placed in 5-foot lifts in construction 
blocks generally 56 feet in width and up to 200 feet in length, 
depending on the elevation of the lift. Surfaces of each lift were 
sloped 5 percent downward toward the upstream face of the dam. 

A 3-day interval between consecutive lifts was provided to permit 
dissipation of a part of the heat liberated by the cement during 
hardening. dSTo restrictions were placed on differences in elevation 
between adjacent blocks although a three-lift, 15-foot difference in 
elevation was maintained for convenience when conditions permit- 
ted. A concrete lift once started was carried to completion except 
in very rare cases of mechanical or electrical failure of equipment 
or impossible working conditions. Exceptions to the time limit and 
slope requirement were made in a few locations. For instance, in the 
closure blocks (40 and 43) several 5-foot level lifts were placed at 
approximately 48-hour intervals. In some sidehill locations, mini- 
mum placing intervals of 7 days were required. 

Concrete was deposited only on thoroughly cleaned surfaces of 
foundation rock or previously placed concrete. Surfaces were 
sprinkled, and the excess water was blown off with compressed air 
just before concrete placing was started. Except in unusual circum- 
stances, concrete placing proceeded from the upstream end toward the 
downstream end of the construction blocks, since by placing against 
the slope of the preceding lift, working faces could be comparatively 
short and still have reasonably flat slopes. Steep placing slopes were 
avoided. An additional advantage of this procedure was that com- 
pleted surfaces of the lift could be cleaned with air and water without 
disturbing placing operations. 

Concrete placing with one cableway operating in one construction 
block, although varied to suit special conditions, generally followed 
a set procedure. The first bucket sent to the form contained mortar 
which was deposited approximately 15 feet from the upstream face 
of the dam. The mortar was spread over an area extending about 
25 feet from the upstream form and thoroughly brushed into the 
old concrete surface with wire brooms. Mortar was followed bv 
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mass concrete which was deposited 15 or ‘20 feet from the upstream 
end of the block to form a ridge about 2 feet high extending the 
width of the block. The upstream toe of the ridge was 5 feet or 
more from the upstream form and the downstream toe usually about 
25 feet from the upstream form, or far enough to cover completely 
the mortar previously spread. Face mix concrete w as then deposited 
between the ridge of mass concrete and the upstream form to a 
depth of about 2 feet, after which mass concrete placing was re- 
sumed until the ridge had been sufficiently raised to permit continuing 
with the face concrete. By alternating mixes in this manner, the 
average thickness of face concrete could be held to less than 10 feet, 
and a thoroughly bonded interlocking joint provided between the 
mass concrete and the more durable concrete at the exposed face. By 
the time the upstream form had been filled, a fresh concrete surface* 
25 or 30 feet long, sloping about one in eight downward away from 
the upstream face, had been developed. This slope vas maintained 
by depositing concrete first at the toe of the slope, then working 
back up the slope in such a manner that concrete was always being 
deposited on nearly horizontal surfaces. Mortar was deposited and 
brushed into the old concrete surface as needed to maintain an 
adequate placing area. Proper size of the placing area depended 
on concrete temperatures and weather conditions, long slopes being 
desirable in cool weather and shorter ones in vrarm weather. When 
concrete placing had progressed to a location such that the toe of 
the placing slope came within about € feet of the downstream face 
form, face mix concrete was deposited as near to the form as possible. 
Alternation of mixes similar to the procedure employed at the up- 
stream face provided a layer of face concrete at the sloping down- 
stream face of the dam averaging about 10 feet in thickness. 
Two-cablewav operation sometimes disrupted this generally accepted 
best method of concrete placing, particularly when operations were 
confined to thin sections near the top of the dam. However, careful 
scheduling of concrete placing and skillful cableway operation mini- 
mized the difficulties. 

Vibrators . — Under normal placing conditions, four YS4 internal 
vibrators were required to compact thoroughly all concrete delivered 
by one cableway (80 to 90 cubic yards per hour) . Immediately after 
deposit, each pile of concrete was attacked by all four vibrators which 
were moved from one location to another as required until the pile 
was completely vibrated. Usually a vibrator was left vibrating in 
one position for 10 to 20 seconds before being moved to a new posi- 
tion 18 inches or 2 feet away. After vibration, a pile of concrete 
which had originally been 3 feet or more in height was reduced to 18 
inches or less and so blended with adjacent concrete that the individ- 
ual pile could not be distinguished. With fresh concrete underneath, 
vibrators were inserted deep enough to penetrate the concrete below, 
insuring a complete blending of the new concrete with that previously 
placed. The first concrete placed on the old surface was vibrated 
close to the joint with vibrators nearly horizontal to aid in obtaining 
a bond between the new and the old concrete. 

For thin walls and heavily reinforced sections, Mall electric vi- 
brators with vibrating elements attached to flexible shafts and Tiber 
air-driven vibrators also with vibrating elements attached to flexible 



400 


THE XOKBIS PROJECT 


shafts were used. The Mall vibrators, operated by the 80-cycle 
power provided for the Electric Tamper and Equipment vibrators, 
were very powerful machines, but were very awkward to tise and re- 
quired excessive repairs. The Viber equipment was easily handled 
and, though not so powerful as the Mall vibrators, had sufficient 
power for placing reinforced concrete in thin sections. Repairs to 
shafts were frequent, and a wet or dirty air supply immediately put 
these machines out of commission entirely or greatly reduced their 
effectiveness. Practically all concrete in thin sections of the power- 
house and dam were placed with the aid of either Mall or Viber vibrat- 
ing equipment, and though neither was all that could be hoped for in 
operating efficiency, the high maintenance cost was small compared 
with the cost of placing concrete of equal quality by hand tamping 
methods. 

Clean-up . — Foundation rock and concrete surfaces to he covered by 
concrete received careful treatment to insure proper conditions at the 
time of concrete placing. Rock surfaces, after approval for struct- 


83 " 




Figure 185 . — Nozzle used to clean concrete surfaces. 


ural soundness, were thoroughly washed to remove all clay and for- 
eign material and in some cases chipped and wire brushed to insure 
a surface to which the concrete would bond. Procedure varied 
greatly for the different conditions encountered. 

Concrete surfaces received a routine treatment. The clean-up op- 
eration began between 6 and 18 hours after the top surface of a 
concrete lift had been completed, actual time depending on concrete 
placing temperature, air temperature, and the concrete mix being 
placed. With the concrete surface at the proper stage of hardening. 
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a jet of air and water forced together through a common nozzle was 
directed against the surface to be treated. The high Telocity jet 
remoTed the thin surface film leaving clean rock and mortar surfaces 
exposed. By proper manipulation of the jet, rock particles were 
left undisturbed embedded in the mortar. The process required con- 
stant attention on the part of operators to insure a proper surface, 
since cutting too soon removed too much mortar, loosened the larger 
rock particles, and left a poor surface to receive the fresh concrete. 
If delayed too long, the cutting action of the air and water jet was 
ineffective, and other means of preparing the surface were necessary. 

In some locations, use of the air and water jet was not feasible, 
and wire brooming of surfaces was necessary. Such wire brooming 
also had to be done at just the proper stage of surface hardening in 
order to obtain a satisfactory surface. It is believed that the air 
and water elean-up produced the most satisfactory surface but that 
the wire brushing, if properly done, produced an acceptable surface. 

Concrete surfaces left exposed for extended periods required spe- 
cial treatment. Such surfaces usually became stained and coated 
with deposits which could not be removed by washing or wire broom- 
ing. Jackhammers fitted with large bits were used to chip such sur- 
faces, and while the amount of time required to cover completely 
large areas was excessive, the results obtained were satisfactory. 

All concrete surfaces required at least one more washing, usually 
with air and water, after the initial cleaning to remove waste left 
by form building for the following lift. In the cutting and washing 
of concrete surfaces, particular attention was given to areas around 
the vertical copper water stops near the upstream face of the dam, 
since in these locations possible percolation paths were the shortest. 
The upstream 20 feet of each construction block received only slightly 
less attention. 

Air and water were provided at convenient locations on the dam 
for cleaning, sprinkling, and other uses. For convenience, 2-inch 
pipes, cast in the concrete, were used as supply lines, 5-foot risers 
being added for each 5-foot lift of concrete. 

Curing . — Curing of concrete consisted of the usual manual sprink- 
ling with water hose and a few installations of fixed sprinkling sys- 
tems. When feasible, horizontal surfaces were covered with damp 
fine sand^ since this decreased the amount of sprinkling required and 
assured a damp surface. Sprinkling of completed walls and other 
permanently exposed surfaces by means of fixed sprinkling systems, 
using the available river water containing an appreciable amount 
of silt„ at times caused undesirable staining which could be removed 
only with great difficulty ; consequently, hand sprinkling, less desir- 
able from the curing standpoint, came into general use. The curing 
period was 28 days. 

Cold weather 'added complications to curing of concrete. Two 
small vertical boilers supplied steam for cold weather concrete^ plac- 
ing in the powerhouse and in some sections of the penstock intake 
structures. Concrete in the dam was protected from freezing by 
tarpaulins placed over the completed lifts aided by salamanders. 
However, the use of salamanders was very unsatisfactory. In spite 
of all precautions, concrete directly under the salamanders would 
occasionally dry out with resulting damage to the concrete. 

155813 — iO 27 
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Personnel . — Concrete placing, clean-up, and curing were under the 
direct supervision of a general concrete foreman assisted by two shift 
foremen, one on each of the afternoon and night shifts. Cableway, 
mixing plant, and transfer system operations were under the general 
concrete foreman’s general supervision, although workmen in these 
plants reported directly to the rigging and mechanical departments. 
Four 6-hour shifts for workmen were maintained during the greater 
part of the job. Foremen worked on 8-hour shifts. Operations were 
ordinarily on a 6-day week basis. 

During the major part of concrete placing operations when both 
cableways were being used, a maximum of 90 cubic yards of mass 
concrete^ per hour was placed by each cableway. A crew normally 
consisted of a foreman and eight men. One man operated the pneu- 
matic bucket dumping device as loads of concrete were received and 
helped operate a vibrator the remainder of the time. Extra men were 
added to the crew when difficult placing conditions were encountered. 
Crews were increased to 10 or 12 men when only one cableway was 
used, and the rate of concrete placing was 120 cubic yards per hour 
or more. Concrete placing crews filling special forms in the dam or 
in the powerhouse varied in size as placing rates and placing condi- 
tions demanded. In general, more men were required to place special 
pours than for mass concrete placing. One carpenter and a helper 
were assigned to each mass concrete placing crew to do such jobs as 
check forms, set form anchors, and do the fiat vibrator work required 
at the top of each lift. Two electricians divided' their time between 
the vibrators, the mixing plant telephones, and the cableway tele- 
phones and other signalling apparatus. 

The clean-up work was supervised by one foreman on each of 
the three 8-hour shifts. Two to six men were ordinarily required 
in each form. During the early stages of construction, three addi- 
tional foremen, one on each shift, were needed for preparation of 
foundation surfaces. Men for this work were transferred temporarily 
from other labor crews as working conditions warranted. 

Curing of concrete required as many as six laborers per shift to 
do the necessary sprinkling. No regular organization was created 
for this work, men being drawn from other crews as needed. 

Forms . — Wooden panel forms were used for plane concrete sur- 
faces of the dam. The forms were built in the carpenter shop com- 
plete and ready for use. Panels for exposed faces of the dam were 
14 feet long and for contraction joint faces were 20 feet long. 
Shorter filler sections were used as required. Contraction joint- 
forms were built as parallelograms to provide the 5-percent slope re- 
quired of concrete lifts, the joints remaining vertical. Key way 
forms of comparatively light construction were nailed and bolted to 
the contraction joint panels. 

Two sets of panels were required for each concrete surface, the 
form to be placed being supported by the form which had been filled 
with concrete. Studding of the top form was held by the top wale 
of the lower form on one side, but support on the other side was 
lacking; consequently, the studs could not be wedged tightly in place 
before concrete placing was started. There was chance of smdl hor- 
ismtiad movieanent of the upper form away from, the fresh concrete 
unless wedges between the wale and studs were driven and kept 
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tight as depth of lift increased. Wearing of studding with repeated 
use added to the difficulty of maintaining accurate alignment. Short 
pipe braces between tiie old concrete and lower part of the forms 
were sometimes used to permit wedging before concrete placing was 
started. 

Tops of forms were aligned and held in position by tie rods and 
pipe braces. Tie rods were ^4-inch in diameter, hooked on one end 
and threaded on the other. Three- fourths-inch hooked rods em- 
bedded in fresh concrete at the top of each lift provided anchor- 



age for the tie rods. Sleeve bolts through the top wale, tapered 
and greased to permit removal from the hardened concrete, provided 
adjustment in length of tie rods. Auxiliary %-inch anchors were 
provided to hold forms during dismantling after the large sleeve 
bolts had been removed. Smaller sleeve bolts were used for these 
anchors. Braces made of 1 14 -inch salvage pipe wedged against 
removable blocks nailed to the forms were placed beside each tie 
rod. Pipe braces were removed for re-use after approximately 3 
feet of concrete had been placed against the forms. Forms were 
placed by special equipment adapted to the purpose. Three-wheel 
rubber-tired Krane Kars with short boom and hoisting mechanism 
lifted panels from the old to the new positions. A special jack was 
first attached to the panel, it then pulled the panel horizontally 
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away from the concrete surface and held it for lifting to its new 
position. Krane Kars and lifting mechanism were moved from one 
block to another by means of the cableway. 
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Figure 187 - — Typical panel farms. 


The form panels were very satisfactory in general. A few of 
their shortcomings have been mentioned above. There are a few 
others, most of which could be remedied. During the first use, 
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leakage of mortar between lagging boards was appreciable, but in 
subsequent uses the leakage was small since the joints were filled by 
mortar. In some cases panels were used 20 times or more; how- 
ever, the last uses showed unsatisfactory concrete surfaces because of 
poor condition of the forms. 



UPSTREAM FORMS DOWNSTREAM FORMS 

Figure 188. — Form bracing . 


Special forms for such structures as trashracks, roadway, spill- 
way bridge, and draft tubes, will be described in the sections which 
deal with these structures. 



Figure 189. — Placing panel forms. 


Closure sections . — Construction blocks 40 and 43 were used for 
final closure of the dam. For river diversion concrete in these two 
blocks was placed in horizontal layers up to elevation 875 instead of 
the usual 5 percent slope. Lifts were approximately 5 feet thick with 
21 , 2 -foot differences in elevations between surfaces of lifts in the 
two blocks during the closure process. 
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TOTAL COST 
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Figure 190 . — Field labor costs of panel forms {based on special time studies ). 
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The closure method used was very successful. After the first lift 
or two, the time required for completion of one 4-foot 10-inch lift in 
both blocks was only about 4 days. Little difficulty with leakage 
around the closure gate was encountered until the concrete reached 
such a height that its elevation was only slightly higher than the 
elevation of the water in the hake. Under this condition, pressure 
of the fresh concrete tended to force the gate away from the seals 
and permit leakage. Irregularity of the upstream steel forms also 
caused some difficulty. Pumping wells in the gate, which were de- 
signed but which were not installed, would have eliminated most of 
the undesirable features of the closure system. 

Znspeetio n : -—Inspection of all operations in the production of ag- 
gregates: mixing, placing, and curing of concrete; sampling and 
testing of_ concrete; and special investigations in the dam were under 
the direction of the materials engineer. This arrangement permitted 
satisfactory adjustments or compromises in concrete mixes to fit best 
variations in concrete placing conditions. 

During peak operations, as many as 27 inspectors and technical 
men were employed on various phases of concreting. During this 
time, crushing plant operations were on a 22-hour basis and concret- 
ing operations were on a 23-hour basis; each operation was covered 
by three shifts of inspectors. To provide for contingencies, such as 
illness, at least one man of all-round experience qualifications was 
held in reserve. When not required for relief duty, his services 
were used on work of routine nature, from which he could be im- 
mediately released in an emergency. Men normally assigned to spe- 
cial investigations were occasionally required for inspection duty 
as well. 

Quarry, and crushing and screening plant inspection were handled 
by one man on each shift reporting to a mechanical engineer, who 
coordinated their findings and worked with the construction forces 
toward improved plant operation. Records furnished by the plant 
inspectors included screen analyses of all aggregates for use in de- 
signing concrete mixes and operating records of equipment such as 
hammer mills and screens. Their duties also included general in- 
spection of quarry and plant, particularly the phases which affected 
quality of concrete aggregates. 

An "inspector was present during the placing of all concrete for 
permanent structures. Shift inspectors were responsible for general 
conditions during their respective shifts, and placing inspectors 
under the shift inspectors were responsible for individual pours. 
Placing inspectors were required to submit sketches of each concrete 
pour and to record data pertaining to the pour for future reference, 
including such items as dates and personnel. Shift inspectors in- 
spected uie clean-up operations after completion of concrete lifts and 
inspected forms and concrete surfaces prior to the starting of new- 
concrete lifts. Inspection of curing of concrete surfaces was also 
made a part of the shift inspectors duties. A written statement 
covering operations during his shift was prepared by each shift 
inspector. 

Inspection at the mixing plant was a divided responsibility. Two 
men were required, one a dispatcher and the other a general plant 
inspector. The extremely close attention to dispatching operations 
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required of one man in order to avoid confusion and delays, made 
it impossible for Mm to give but slight attention to details of plant 
operation. He was directly in touch with all concreting activities 
and with the characteristics of the concrete being produced, and con- 
sequently he assumed general responsibility. The plant inspector 
made moisture determinations on aggregates, calculated mixing water 
quantities, and made the routine plant inspections. The two men 
together prepared the shift concrete report. 

Concrete inspection followed, in general, the usual relation between 
engineer and contractor except that more than ordinary efforts were 
made to promote unity of purpose. A spirit of cooperation between 
inspection and construction forces was fostered and proved to be 
successful in improving quality and in reducing the cost of concrete 
in place. It was understood by all concerned that quality of the 
work was of first importance. Questions of general policy were 
referred to the construction engineer. Other problems were usually 
settled on the j ob by the inspection and construction forces. 

Three shifts of inspectors were maintained in the concrete lab- 
oratory. Each shift consisted of one inspector and one helper, 
whose~ duties were to sample concrete being placed, test the cured 
concrete specimens, and keep records of all work done in the labo- 
ratory. These men also did whatever experimental work on concrete 
mixes was required. 

Special investigations, which required installation and operation 
of instruments for measurements such as temperature^ strain, and 
deflection in the dam, were handled by one man of special qualifica- 
tions assisted by one or two other men as conditions required. 

Sampling and testing. 

The concrete laboratory was located adjacent to the mixing plant 
for convenience in sampling field-mixed concrete. It was equipped 
for making usual record tests and for an appreciable amount of 
experimental work. 

Samples of field-mixed concrete were obtained directly from the 
mixer discharge and were uniformly representative of the concrete 
being produced. The sampling operation required only a few sec- 
onds, and no delay was 4 caused in concrete production. The sample 
container was dumped on a dampened portion of the concrete floor 
in the laboratory, and its contents, if of concrete containing larger 
than 114-inch aggregate, was wet screened by hand through a 
114-inch square opening wire screen held at a slope of approximately 
20 degrees from the horizontal and shaken vigorously. Samples con- 
taining maximum size aggregate of 1 % inches or less were not wet 
screened. Standard slump tests were made on all samples, and flow 
tests on a SO-inch flow table were occasionally included. After 
slump^ tests were made, the wet-screened samples were immediately 
made into 6 - by 12 -inch test cylinders. Concrete was compacted into 
the cylinder molds by means of an internal air-driven vibrator with 
flexible shaft and special vibrating element iy 2 inches in diameter 
and 18 inches long. Each cylinder was vibrated for about 15 sec- 
onds to secure uniform compaction. In general, six test specimens 
were made from each concrete sample. 
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Cylinder molds were made from sections of pipe, machined 
inside and on both ends after the welding of lugs and the cuttin 
of a narrow slit parallel to the axis of the pipe. Loosening of bolts pei 
mitted the slit to open and allowed removal of hardened specimens 
without difficulty. Machined plates, bolted securely to the cylinder 
molds, served as bases and provided one plane cylinder end which 
required no capping. Molds were cleaned in hot water and oiled 
with a mixture of machine oil and para wax applied hot with a paint 
brush. 
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Figure 192. — J Field laboratory for testing concrete 

Except in extreme weather, test cylinders were allowed to remain 
in the laboratory for 24 hours or less, during which time caps of 
one to one sand-cement mortar were applied to the upper ends of 
specimens. Plane surfaces were obtained by use of plate-glass plates 
pressed against the mortar. Cylinder ends were cleaned and capped 
approximately 8 hours after the specimens were cast. Immediately 
after stripping, the cylinders were numbered and placed in a moist 
room maintained at 70° F. In extreme weather, test specimens were 
placed in the moist room immediately' after they were made. 


•'(ft 



410 


THE NORRIS PROJECT 


Test cylinders were broken in a 300,000-pound Southwark Emery 
hydraulic compression testing machine. The machine was calibrated 
by proving rings at the time of installation, August 1934, by Bald- 
win-Southwark’s representative and again in July 1935 by the United 
States Bureau of Standards. The machine was furnished with three 
load-indicating dials of 0 to 30,000 pounds, 0 to 150,000 pounds and 0 
to 300,000 pounds capacity. Two- by four-inch mortar cylinders and 
6- by 12 -inch and S- by 16-inch concrete cylinders were tested. Only 
a few 8- by 16-inch cylinders were made because of insufficient capac- 
ity of the "machine to handle them. A rate of loading of 17 pounds 
per square inch per second was used for all compression testing. 

Test specimens were cured in a constant temperature room provided 
with storage shelves around the walls and in the center of the room. 
Walls and ceiling of the room were well insulated with mineral wool. 
Interior walls and ceiling were lined with galvanized sheet iron, 
having all joints filled with red lead. The floor was of concrete, 
sloping toward a sump located in one corner of the room. Water 
pumped from the sump and distributed by a perforated pipe sus- 
pended from the ceiling was allowed to run down the walls. A 
mercury regulator placed near the center of the room controlled heat- 
ing or cooling of the circulating water to maintain a constant 70° F. 
air temperature. Fog nozzles provided 100 percent relative humidity. 
A fan kept air in circulation and prevented warm or cold pockets. 
Operation of the curing room was very satisfactory; its initial cost 
was not excessive, and maintenance was negligible. 

Concrete test mixes were made in a small tilting mixer. A small 
priming batch always preceded the test batch in the mixer. Labora- 
tory concrete, after mixing, was handled in the same manner as de- 
scribed for field-mixed concrete. Aggregates used in laboratory 
mixes were screened to the standard screen sizes above 200 mesh and 
stored in separate bins from which they were taken for recombining 
into the grading desired. Material passing the 200-mesh screen was 
considered as one size though it would have been desirable to have 
it in two or more sizes had the separations been feasible. 

Behavior of dam during and after construction. 

Investigations of temperatures, strains, contraction joint openings, 
deflections, hydraulic uplift, and other phenomena in the dam and 
foundation were undertaken during the construction and loading of 
the structure. Only a brief description of the program will be in- 
cluded as, to date, final studies have not been completed. 

Temperatures at various locations in the dam are measured by 
Carlson resistance thermometers cast in the concrete or grouted into 
drill holes in the foundation. Three-conductor lead wires from each 
thermometer are brought to terminal boards at convenient locations 
in galleries of the dam. Resistance measurements were made by a 
Wheatstone bridge of special design connected to the thermometer 
leads for furnishing data for computing temperatures of thermom- 
eters and adjacent concrete. The smallest bridge reading corresponds 
to 0.1° F. 

Strains in the concrete are measured by Carlson elastic wire strain 
meters embedded in the concrete. Two construction blocks of the 
dam are being investigated near the foundations for distribution of 
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stress. Three stations with 12 meters at each station were installed 
in each block. In each case meters were installed in duplicate. u No 
stress' 7 meters were also installed to furnish data on length change 
due to such properties as moisture and temperature of unstressed con- 
crete. The installations furnish data for computation of strain in 
a plane at right angles to the axis of the dam. Both three- and four- 
conductor lead wires were used for the strain meters, three- wire leads 
for meters to measure only strain, and four-wire leads for meters to 
measure both strain and temperature. With proper changes in con- 
nections, strain meters are read by the same Wheatstone bridge used 
for thermometers. The smallest reading on the bridge corresponds 
to four-millionths inch per inch of strain. Operation of the meter, 
as the name suggests, is based on the fact that the change in strain 
of an elastic wire is proportional to its change in resistance. 

Contraction joint openings are being measured with elastic wire 
joint meters, similar in construction to the strain meters. A typical 
installation is shown in figure 34. One-half of the meter is cast in 
each block, separated by the joint to be measured, and change in 
length of the meter is used as a measure of joint opening. The 
meters have a range of approximately *4 inch and a least reading of 
about 0.0007 inch. Three- or four-conductor leads were used depend- 
ing on whether joint opening only, or both joint openings and tem- 
perature were desired. The same Wheatstone bridge is used for joint 
meters as for thermometers and strain meters. 

The method 17 used in placing and for reading the resistance 
thermometers, strain meters, and joint meters are similar to those 
used at Boulder Dam. 

Deflection of block Xo. 35 is being measured by a 1/64-inch stain- 
less steel wire plumb line suspended in a vertical shaft connecting 
the 1.051 gallery- the 880 gallery, and the 811 gallery. The top of 
the line at the" 1,051 gallery remains fixed. Provision was made 
for the accurate reading of the plumb line at the 880 gallery and 
at the 811 gallery. A movable micrometer head microscope and 
fixed glass scales permit location of the plumb line to within 0.0005 
inch. Horizontal measurements, both parallel and at right angles 
to the axis of the dam, are made. A weight attached to the free 
end of the plumb line is suspended in a small tank of kerosene to 
dampen vibrations. The line is entirely protected from external 
air drafts, except at the small openings used for making observations. 

Results to date indicate that temperature deflections far over- 
shadow the load deflections, change in deflection between winter and 
summer being at least 0.45 inch for the section of the dam investi- 
gated. During filling of the reservoir in the spring of 1936, the 
dam actually deflected upstream 0.3 inch due to temperature change. 

Provisions were made for measurement of hydraulic uplift pres- 
sures at various locations at foundations and in the mass of the dam. 
Figure 35 shows details of cells used. 

Temperature cracking in mass concrete. 

Cracking of mass concrete, although not in excess of that in other 
comparable structures, has been more prevalent than the temperature 


n Stafford, Hollis. Field Procedure for Installing Embedded Instruments in Boulder 
Dam, U. S. Bureau of Reclamation Technical Memorandum Xo. 464. 
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rise in the mass concrete would seem to indicate. Due to favorable 
thermal properties of the dolomite aggregate, low cement content of 
the interior concrete, and other contributing factors, the average 
temperature rise in the mass was only about 35° F., somewhat less 
than in most large concrete masses not artificially cooled. No en- 
tirely satisfactory explanation of the inconsistency has yet been 
advanced. 

At least half of all construction blocks cracked vertically at the 
faces halfway between contraction joints and horizontally at day’s 
work joints at 10-lift (50-foot) intervals or less. Exposed contrac- 
tion joint faces cracked vertically at re-entrant angles in keyways, 
cracks usually appearing in every other keyway, or about 20 feet 
apart. Depth of cracks varies greatly. Little is known about the 
extent of vertical cracks parallel to contraction joints, f but absence 
of leakage from the lake to galleries through such cracks indicates 
that they are usually less than 20 feet in depth. Vertical cracks, 
parallel to the axis of the dam, extend completely across construction 
blocks at some locations. Horizontal cracks at day’s work joints 
extend several feet in from exposed faces. In all cases noted, vertical 
cracks reduce to minute openings at foundations. 

Low portions of construction blocks 46, 47, and part of 48 at 
the west end of the dam were placed with 7-day time intervals 
between successive 5-foot concrete lifts to minimize diagonal temper- 
ature cracking which -was expected because of larger differences in 
elevation between sides of these blocks. This placing schedule re- 
duced temperature rise in the concrete from approximately 35° to 
24° F. The expected cracking was delayed until the concrete had 
cooled to within 10 degrees of its final temperature about 18 months 
after placing. Higher up in the same blocks, when the normal 3-day 
placing interval was resumed, the usual temperature cracking again 
appeared. 

Block 38 at the elevation of the discharge conduits was constructed 
with an average time interval of a little more than 2 days between 
5-foot concrete lifts in order to keep ahead of the two closure blocks 
40 and 43. Block 38 had a high cement content (1.7 barrels per 
cubic yard) around the discharge conduits to provide concrete 
which could resist erosion. The high cement content and the short 
exposure interval for cooling^ produced an estimated temperature rise 
of 60° F. At a time of high block temperature, lake water was 
diverted through the discharge conduits, and concrete surface tem- 
peratures dropped rapidly. The resulting unfavorable conditions 
caused unusually severe cracking throughout the length of the tubes, 
vertical, horizontal, and diagonal cracks appearing on the surfaces. 
The extent of some of the cracks is shown by the fact that they carry 
moisture from contraction joints into the conduits and from one 
conduit to the other. 

Horizontal cracking, usually at day’s work joints, but occasionally 
between them, caused some leakage of reservoir water past the cop- 
per seals to the downstream face of the dam. Any open horizontal 
cracks extending deeper than the copper water seals across contraction 
joints near the upstream face of the dam provided paths for water 
to reach the contraction joints beiiind the seals. As the contraction 
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joints filled the leakage continued to the downstream face of the clam, 
bypassing the grout stops through horizontal cracks in a manner 
similar to that by which it gained entrance at the upstream face. 
During construction of the clam, some of the curing water found its 
way down the contraction joints and came out of horizontal cracks at 
faces of the dam. The fact that leakage to the downstream face is 
so small at present is evidence that either the cracks are closing 
appreciably or there is leakage past the horizontal grout stops across 
joints which separate grouting areas at 50- foot vertical intervals. 
Grouting of contraction joints should effectively seal off all leakage 
to the downstream face. 

The proof has been positive that with the conditions under which the 
dam was built, the 3-day interval between successive 5-foot concrete 
lifts was insufficient to prevent undesirable temperature cracking in the 
mass of the dam. There are good indications that 7-day intervals be- 
tween o-foot lifts would hare greatly reduced the cracking- 

F actors controlling temperature cracking of concrete include varia- 
bles such as thermal coefficients of expansion, changes in temperature, 
elastic modulus, tensile strength, and plastic flow. Characteristics of 
the cement and aggregate, proportioning of the mix, placing tempera- 
tures, weather conditions, and methods and schedules of concrete place- 
ment also influence this cracking. 

With such an array of conflicting factors, complete control of 
temperature cracking seems to be in the distant future ; however, ex- 
perience gained from many large mass concrete structures and confirmed 
in general by observations at Norris Dam indicate that there are several 
construction procedures by which cracking may be materially reduced. 
Among them the following may be cited : 

1. Use low concrete placing temperatures. 

2. Use thin concrete lifts (5-foot or less) with suitable time intervals 
between lifts. 

3. Keep the concrete placing schedule uniform. 

4. Keep adjacent construction blocks at approximately equal eleva* 
tions. 

5. Cool the mass artificially. 

The physical and chemical properties of the different types of 
cement undoubtedly have an effect on temperature cracking of concrete. 
Recent experience and study have shown that low-heat cement has 
rather definite advantages for use in mass concrete structures. How- 
ever, at the time Norris Dam was started, the reasons for superiority of 
low-heat cement were not well known, and therefore type R cement 
was used. The type B cement was well suited for use in the dam. 
although in the light of present knowledge, the use of low-heat 
cement would have reduced the cracking in the dam. 

Concrete costs. 

Figure 193 shows a summarized analysis of the unit cost of mass 
concrete and the several materials and processes incident to the produc- 
tion of the concrete in place. 

Table 91 shows the unit costs for the different classes of concrete 
for the dam and powerhouse. 



COST PER CUBIC YARD - DOLLARS THOUSAND CU YD 



Figure 193 . — Mass concrete — Monthly quantities and costs 


Table 91. — Unit costs for the various classes of concrete used 

Cost per 
cuMc yard 


Mass $5. 32 

Formed spillway crest and pier 14. 04 

Spillway apron 7. 20 

Reinforced training wall 13. 44 

-Gravity training wall 6. 81 

Parapet walls and sidewalks 67. 07 

Penstock trashraek: structure 54. 16 

Outlet trashraek structure IS. 49 

Powerhouse superstructure 59. IS 

Powerhouse substructure 15.07 

East core wall concrete 11 . 38 

Spillway bridge concrete 57.32 


Tlie above costs Include reinforcing steel. 

EAST EMBANKMENT 

The eastern part of the dam is composed of an earth embankment 
section with a concrete core wall. The concrete core wall was con- 
structed by excavating a trench to sound rock, parallel to the axis of 
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the dam. This trench was filled with concrete to form the core 
wall approximately 5 feet in width. It is 87 feet high for the first 
ISO feet from the dam. At this point there is a vertical step-up of 30 
feet, and from here to the end of the wall, 584 feet from the dam, 
the height gradually diminishes until an elevation of 1,052 at the 
top of the wall is reached. The top of the core wall is at elevation 
1,057 for the first 250 feet east of the end of the dam; at this point 
it is stepped down to elevation 1,052, which is the elevation of the 
top to the end. 

A seam of unsound rock was uncovered at the bottom of the 
vertical step-up at elevation 965 and a tunnel was driven into the 
hillside following this seam in a position generally under the trench 
and extending a distance of 675 feet. Two shafts from the bottom 
of the trench to the seam served for access and removal of excavated 
material. Another tunnel, at the extreme east end of the cut, 
extended into the hill for abouf 65 feet at elevation 1,021. 

Excavation. 

Excavation for the trench was done largely by means of a dragline 
bucket on an endless cable operated from a stationary double-drum 
electric hoist. This equipment operated from two locations : the 
first, in a position to excavate the deeper portions of the trench 
nearest the dam, and the second from a position east of the extreme 
east end of the core trench to complete the excavation. In the first 
location a hopper on a tower was placed about 75 feet east of the tail- 
tower back track. The endless cable passed over a bent built above 
the hopper, and an inclined slide also resting on bents was provided 
for conveying the full dragline bucket to the hopper for dumping. 
This hopper discharged the excavated material into trucks which 
transferred it to the spoil area. After as much of the excavation as 
possible had been removed by this means, the rig was dismantled and 
moved to the second location. In this second location the hopper 
was not used, but the excavated material was moved to a point in 
front of the hoist by the dragline bucket. As the spoil built up it 
was moved out of the path of operations by a tractor equipped with 
a bulldozer. Since the trench passed through the fill for the cable- 
way tail-tower runway, special concrete beams were constructed to 
support the tail-toVer tracks over the cut and permitted excavation 
without interruption of cableway operation. 

The remainder of the earth excavation and all of the rock excava- 
tion was done by hand. It was hoisted to the surface in small mine 
cars which were raised and lowered by hoist-operated lifts. These 
lifts were located in such petitions that shafts could be sunk from 
the bottom of the trench to the lower tunnel and could serve excavat- 
ing operations at that point. The trench was double sheathed with 

2- inch rough oak lumber and shored with 8- by 8-inch oak wales on 

3- foot centers braced with 8- by 8- inch struts on 3-foot centers hori- 
zontally. 

Earth excavation with the dragline rig started in May 1935, and 
was completed in August 1935. Hand excavation for the trench 
and_ tunnels was completed in November 1935. A total of 6,021 
cubic yards of material was removed from the trench at a cost of 
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$17.29 per cubic yard, and 2,248 cubic yards of material were removed 
from the seam tunnel at a cost of $18.91 per cubic yard. 

Tunnel . — The two shafts through which excavated material from 
the tunnel was removed were located 75 feet and 180 feet, respectively 
from the west end of the tunnel. By extending the tunnel in both 5 
directions from each shaft and also by working from its west end 
five faces were worked simultaneously. All material removed from 
the seam was loaded into the small mine cars and carried to the sur- 
face by the hoist-operated lifts. The main tunnel was approximately 
6 feet wide and varied in height depending on the extent of the un- 
sound material. Material from the small tunnel was disposed of in 
the same way as that from the large tunnel. All work in these 
tunnels was done by hand, and the walls were carefully cleaned prior” 
to concreting. 



Figure 194 —Hopper and slide used for loading trucks at east embankment . 

Concrete. 

Mixes — The core wall is composed largely of concrete containing 
1 ^ 2 -inch maximum size aggregate with 1.50 barrels df ce m ent per 
cubic yard and a water-cement ratio of 0.60 by weight. In a few m- 
stances, concrete was used containing 3-inch maximum size aggregate 
* kk l bar] .\ of ^ent per cubic yard and a water-cement ratio 
ot 0.55 by weight. In the tunnel section, a concrete containing 
%-mch maximum size aggregate with 1.75 barrels of cement 
per cubic yard and a water-cement ratio of 0.56 to 0.57 by weight 
was alternated with regular grout containing coarse sand as the larg- 
f with 2.80 barrels of cement per cubic yard and a water- 

eement ratm ofO.S 5 by weight. Concrete in the wall was consoli- 
dated by vibration with internal vibrators in the same manner as 

da u * In the , tun , nels ’ the concrete ,was spaded 
as much as possible. However, the close working quartets did not 
pemnt careful consolidation of the concrete as it was placed. 
wTIk* : ^ Co L T1< : rete T for wall and tunnels was transported 

pl \ nt to th * east side re ^lar transfer fa- 
SlfwW ° f , Concr ? te dumped into a 12-cubie-yard Btral- 

de body ^ nm P truck equipped for dumping with a special manually 
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controlled end gate. ^ Concrete was dum]>ed from the truck into a 
hopper from where it was directed into the trench through wooden 
"elephant-trunk 7 ' chutes. Concreting of the wall was done in ten 
50 -foot blocks, each block separated by vertical contraction joints 
arranged with one vertical keyway and provided with a 16-gage cop- 
per water stop. ^ Contraction joints extended te rock in one plane 
except in three instances where offsets were made in order to expe- 
dite die placing of concrete in the lower tunnel and to provide for 
slip joints. As a general rule depths of lifts w T ere 5 feet, but in some 
eases lifts as deep as 10 feet were poured. Two blocks of the walk 
between the east end of the gravity section of the dam and the tail- 
tow-er runways, were poured directly by cableway without additional 
handling. 

The design and "the construction departments both recommended 
that the core wall concrete be placed directly against the earth sides 
of the core wall trench as there was a possibility that there might 
be some voids in the earth back of the weod sheathing. To place 
the concrete against the earth sides of the trench, it was necessary 
to remove all cribbing and lagging as the concrete pouring progressed 
upward. Considerable difficulty was encountered in removing the 
lagging, as care had to be exercised against cave-ins and general 
crumbling of earth into the green concrete. Generally, short sec- 
tions of studding were sawed off and the lagging removed plank by 
plank. 

Concreting in the core trench was started in June 1935, and com- 
pleted in Janulry 1936. The total concrete placed in the core wall 
aftiounted to 5,988 cubic yards. It cost approximately $11.26 per 
cubic yard excluding overhead. 

Tunnel . — Considerable difficulty was encountered in filling the two 
tunnels with concrete. A special hopper was used for filling the 
lower tiifinel. Concrete was placed in the hopper and was subjected 
to the maximum air pressure obtainable from the plant air system. 
It was then discharged into an 8-inch pipe line leading to the point 
in the tunnel where the concrete was to be deposited. The pipe line 
became plugged frequently at first between a 90° bend at the inter- 
section of the shaft and tunnel and the discharge end of the line. This 
w^as partially remedied by adding another air inlet at the bend, wdiich 
aided in keeping the horizontal section of the pipe clean. The upper 
tunnel was filled in much the same manner except that gravity alone 
was depended upon to force the concrete through the pipe. Intro- 
duction of batches of very rich grout at rather close intervals ex- 
pedited the movement of concrete through the pipes. 

Concreting of the lower tuipel was done in sections approximately 
75 feet long, while the upper tunnel, which was only 70 feet long, was 
concreted i%ope continuous pour. Provisions were made in the top 
of the lower tunnebfor grouting any spaces left during the concreting 
process or resulting from shrinkage. A system of 1-inch pipes was 
arranged to extend into jackhammer holes 1 foot deep drilled in the 
top of the tunnel at high points. These were connected to two iy 2 - 

155813 — 40 28 
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inch headers which extended horizontally along the top of the tunnel 
and to the surface through the shafts. This system of piping also 
served to relieve air trapped during concreting. 

Earth, fill. 

The earth fill consisted of clay obtained partly from borrow pits 
located about 400 feet upstream from the clam, and partly from the 
excavation for the approach roadway. Three different borrow pits 
were opened in an attempt to find material with proper moisture con- 
tent. Test samples were taken to determine the suitability of borrow 
material and from the fill to determine the degree of compaction 
obtained. Laboratory tests indicated that a moisture percentage of 
about. 20 to 22 percent would give maximum compaction. Samples 



Figure 195. Material being placed in the downstream fill . The fill is about 75 percent 

complete . 


from the borrow pit and fill showed moisture contents ranging from 
2f7 to 32 percent. The size and importance of the fill did not justify 
the equipment and procedure necessary for controlling the moisture 
content close to the optimum, therefore the testing done was merely a 
check on the compaction obtained rather than a control measure. 
Tests indicated that the moisture content of the fill in place was from 
5 to 11 percent too high to obtain maximum compaction, and that 
best compaction was not secured with the prevailing moisture content. 

Top soil and vegetation were stripped from the area of contact 
between original ground and fill by the l 1 ^ -cubic-yard shovel, and 
spoil was moved to the waste dumps by a fleet of from 10 to 15 
rented 4-cubic-yard trucks. The shovel opened the first borrow pit 
atowfc 400 feet upstream from the dam in July 1935, after completion 
of the stripping. Soon after the opening of the first borrow pit the 
114 -cubic-yard shovel was replaced by a 3-cubic-yard shovel which 
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completed the borrow for the fill. Material was transported from 
borrow to the fill by rented 4-cubic-yard trucks and TVA-owned 
S-eubie-yard and 12-cubic-yard trucks." 

Material for the fill was dumped at the approximate point of use 
and spread by a bulldozer-equipped tractor into layers whose com- 
pacted thickness did not exceed 0 inches. At first, compaction was 
by means of a sheeps foot roller. The first fill was placed immediately 
east of the abutment section, and excessive moisture in the clay in this 
location caused the sheepsfoot roller to clog considerably. Satisfac- 
tory compaction could be obtained by the use of loaded dump trucks 
equipped with dual tires; therefore/ this method of compaction was 
chosen. An S-cubic-yard truck loaded with material was tried but 
proved to be too light for proper compaction. A loaded 12-eubie-yard 



Figure 196 . — Completed riprap on the upstream slope. 


truck was found to be satisfactory and was used throughout the job. 
In inaccessible comers and adjacent to the core wall it was necessary 
to compact the clay with hand tampers. 

The fill was completed early in December 1935 and entailed the 
placing of 11,608 cubic yards of material, approximately 85 percent 
of which was obtained from borrow pits and the remainder of which 
was excavated from the east approach roadway. Final unit costs for 
the rolled fill, excluding overhead, amounted to $0.77 per cubic yard. 

Fill protection. 

To protect the upstream side of the fill a layer of rock riprap laid 
on a gravel blanket was used. A footing for the riprap is provided 
at the toe by a trench 4 feet wide and between 2 and 3 feet deep. 
The blanket consisted of %- to 1%-inch crushed stone spread to a 
thickness of 1 foot over the entire surface of the fill. Stone from the 
aggregate quarry, ranging in size from % cubic foot to 2 cubic yards 
and placed to conform approximately to the shape of the surface of 
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the earth fill, completed the riprap. This material was handled from 
the west hank to the fill by cableway. The blanket material was 
handled through the mixing plant and by the concrete transfer cars 
and concrete buckets. Crushed rock for the blanket was spread as 
much as possible while dumping. Areas inaccessible to the cable- 
way were covered by spreading with a tractor and bulldozer. Plac- 
ing of the larger stone was first done by hand but later a special skid 
derrick was constructed and used. The downstream side of the fill 
was protected against erosion by a blanket of lespedeza grass. 

The placing of riprap was done between November 1935 and Feb- 
ruary 1936 at a cost, excluding overhead, of $0,913 per square foot of 
surface, or 4,004 cubic yards at approximately $7.35 per cubic yard. 
A total of 1,1 55 tons of crushed rock and sand was used for the 
blanket and 6,856 tons of derrick rock for the surface. The total 
area covered amounted to 32,200 square feet. 

PENSTOCKS 

All material for the two plate-steel penstocks was furnished, fab- 
ricated, and installed by contract. 

Three bids received in response to the Authority’s invitation were 
as follows: 


Chicago Bridge & Iron Co $87, 500 

Bidder No. 2 183,542 

Bidder No. 3 105,238 


Because of the great difference between the bid price of the low 
bidder and the other two bidders, considerable investigation was done 
by the Authority before awarding the contract. However, the low 
bidder was found to be responsible, both from the standpoint of 
financial strength and experience on comparable hydraulic structures, 
although they had had no previous experience on class I welding. 
The question of whether the code under the N. II. A. covering this 
class of work would be violated by the low bidder was also advanced 
by one of the other bidders. The N. B. A. administrator ruled that 
the low bidder would not he guilty of code violation, and the award 
was subsequently made to the low bidder. 

Contractor’s plant. 

A field fabricating plant was set up by the contractor on a flat 
field adjacent to the left bank of the river and approximately 1,500 
feet downstream from the dam. One guy derrick, operated by a 
double-tandem friction drop hoist, driven by a 100 -horsepower elec- 
tric motor, constituted the main piece of handling equipment. The 
remainder of the plant and equipment was arranged around this 
hoist within the handling radius of the derrick boom. This derrick 
was capable of handling 40 tons at 50-foot radius and 20 tons at 
75-foot boom radius, and the hoist had a line pull of 10,000 pounds 
with 800 feet of cable on the drum. Twenty 400-ampere welders, one 
10-foot and two 20- foot roller beds, and the necessary additional 
equipment for welding, stress relieving, and X-raying operations 
made up the remainder of the plant. A bank of three 500-kilovolt- 
amperes 2,300/440- volt transformers rented to the contractor by the 
Authority was installed at die fabricating yard to provide power 
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for heating in connection with stress relieving. Lighting trans- 
formers as well as electric power for all purposes were furnished at 
predetermined prices by the Authority. 

Shop joint-welding procedure. 

The plates for the penstocks were rolled into half rings, 20 feet in 
diameter by 10 feet long, and the edges planed for welding at the 
Birmingham, Ala., plant of the contractor. They were shipped to 
Coal Creek, Tenn., in this shape and hauled to the field fabricating 
plant by truck trailer. At the field fabricating plant, they' were 
unloaded onto an assembling or forming fixture, where two matched 
halves were assembled into a ring 20 feet in diameter and 10 feet 
long and tack welded together with a small weld bead for the full 
length of each longitudinal seam. The general procedure was to 
weld the two longitudinal seams of each 10-foot section and then 
join two 10- foot sections, making a section 20 feet long and 20 feet 
in diameter. Sections of this size were transported to the site for 
placement in final position. 



Figure 197 . — Details of various types of welds used in JSorris penstocks. 


Ten- foot sections . — The first operation after longitudinal seams 
had been tack welded was to tack weld three 2 -inch pipes inside the 
section to act as braces in maintaining the assembled 20-foot pipe in 
a practically circular shape prior to the placing of the stiffener rings 
and to supplement the stiffener rings in holding the pipes circular 
during the transporting and placing process. The assembled 10-foot 
pipe section was then placed on a 10-foot roller bed with one 
longitudinal joint at the bottom. 

For this part of the operation the roller bed was inclined 4° with the 
horizontal so that one edge of the penstock pipe section, when in 
position on the bed, was slightly lower than the opposite edge. Weld- 
ing of the longitudinal joints with the automatic welder was started 
in each case at the lower side of the section. Complete welding of 
the two longitudinal joints of a 10-foot section or pipe was done 
as follows: 

1. Starting and finishing plates were tacked to each end of the 
seam. These plates were also used as test specimens for physical 
tests on the weld. 

2. One fusion pass by the automatic welder was made on the 
inside of the longitudinal seam at the bottom of the pipe, and one 
fusion pass by the automatic welder was made of the outside of the 
longitudinal seam at the top of the pipe. 

3. The pipe ring was then rolled 180° on the roller bed, reversing 
the original position of the two longitudinal joints. 
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4. One fusion weld was then made on the outside of the longitudi- 
nal seam at the top, and one fusion pass on the inside of the longi- 
tudinal seam at the bottom of the pipe. The four fusion passes just 
described, one on the outside and ope on the inside of each 
longitudinal seam, were made on each ring. 

5. The pipe ring was then rolled 180° on the roller bed. The first 
two fusion passes were cleaned of all slag and a bar of proper thick- 
ness to suit the thickness of the plate of approximately the same 
analysis as the plate was tacked in place in each groove and one 
filler pass made on each seam, first on the inside of the bottom seam 
and then on the outside of the top seam. 

6. The pipe ring was then rolled 180° and the process described in 
(5) repeated but reversed for the remaining two grooves, thus com- 
pleting the welding of longitudinal joints for a 10-foot section of 
pipe. The same procedure was followed in welding the longitudinal 
joint of an elbow section of each pipe. All longitudinal welds were 
made by automatic welding machines. The following table shows 
the characteristics of operation for the two types of passes on a 
longitudinal seam: 


Type of pass 

I Speed of travel 

_ . .. . 

Arc volt- 
age 

Current 

Flux 

Tension, 

_| 3.8 irtches-4 inches per minute 

35-37 

525-550 

Suitable low speed. 
High speed. 

Filler 

i do __ _ 

33-34 

650 

1 


Twenty-foot sections . — -As longitudinal seam welds were completed, 
each 10-foot section was placed on a 20-foot roller bed for welding 
at the circumferential joint to its companion 10-foot section. Two 
20-foot roller beds were provided, one for welding inside of the seam 
and one for welding outside of the seam. The welding of the circum- 
ferential joint required the following steps : 

1. Two companion 10-foot sections were placed on the 20-foot 
roller bed provided for welding the inside of the circumferential seam. 

2. One fusion pass was then made on the entire circumference of 
the seam, after which the seam was thoroughly cleaned of all slag. 
A bar of the proper size and of approximately the same analysis as 
the plate was tacked in place and one filler pass made, completing the 
welding of the inside of the circumferential joint. 

S. The 20- foot section of pipe was then moved to the roller bed 
provided for welding the outside of the circumferential weld. 

4. One fusion weld was made on the entire outside circumference of 
the seam, after which the seam was thoroughly cleaned of slag. A 
bar of the proper size to suit the thickness of the metal was tacked in 
place and one filler pass completed the welding of the circumfer- 
ential joint, making two 10-foot sections into one 20- foot section. 

Tt»e two 20-foot roller beds were equipped with electrically driven 
roller mechanisms to rotate the pipe at a peripheral speed of 4 inches 
P®** "which, coresponded to the speed of travel at which the 

welding machii^s were operated on the longitudinal seams. All shop 
dmimferential seams were welded by automatic welding machines 
mounted on swinging jibs which were attached to vertical masts, one 
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for eacli of the roller beds. The roller beds for welding the longi- 
tudinal seams on the 10-foot sections were provided with ail elevator 
for moving the automatic welder to the top of the pipes for welding 
the outside of the longitudinal seams. The only shop seams not 
welded by automatic welding machines were the circumferential joints 
which connected the two pieces forming the elbow section for the 
downstream end of each penstock. These joints were hand welded 
in the field fabricating yard, using the same procedure as that for 
field hand-welded circumferential joints. 

Stiffener rings were not welded to the pipes according to any set 
schedule. In general, stiffener rings were welded some time during 
the process of welding the circumferential seams. At times, stiffener 
rings were welded on the 10-foot section as soon as it was placed on 
the *20- foot roller bed before the companion section was ready for 
welding of the circumferential seam. 



Figure 198 . — Field welding in progress . 


The scarf for the automatic welding machine was %-inch wide and 
varied in depth with the thickness of the plate, so that the_ thickness 
of the center section of the scarf was always % inch. This assured 
a uniform treatment in making fusion passes on automatically- welded 
joints, 

X-raying shop joints. 

After completion of all welds in each 20-foot section and each 
elbow section of pipe, the welds were examined "by a General Electric 
X-ray Corporation, type KXC-3 shock-proof, 200 kilovolt peak, 10 
milli ampere X-ray unit. Mounting of the shock-proof tube of this 
type unit was on a tripod and connected to the high-tension gener- 
ating unit by two 50-foot cables to permit flexibility. To protect 


424 


THE H5T0KRIS PROJECT 


the operator, the control stand was mounted behind the high- 
tension generating unit in a lead-lined cabinet. Mounting of the 
X-ray tube on the tripod was such that the target was 120 inches 
from the inside surface of the seam being radiographed and the ton 
of the tripod was arranged so that the tube could be transited 
through 360°, thereby radiographing an entire circumferential 
seam from one position in 24 exposures. 

Longitudinal seams were radiographed by moving the tripod on 
Tails laid m the bottom of the pipe. Four separate settings were 
necessary to radiograph the longitudinal seams since the two 10-foot 
sections of pipe were joined together with the longitudinal seams 
m one 10-foot section placed 90° from the two seams in the other 
10-foot section. Four exposures were necessary to cover each 10- 
foot section of longitudinal seam, making a total of 40 exposures for 
each 20-foot section of shop fabricated pipe. 



Figure 199 . — X-ray operations. 


„„4% r X-raymg, the films were examined by TVA inspectors 
ri e P?Tt s 1101 acceptable after comparison with standard ac- 
rejected, chipped out, and rewelded. After 
reweldmg, the sections were again X-rayed and either rejected or 

sSmlievfi2 e fr^mt PtanCe ’ S6Ctl ° n ° f pip * Was moTed to the 

Stress relieving shop joints. 

su PP°rt a single 20-foot section 
Proved on which the stress relieving was done. The 

^l PI Z d ±r th f. structural steel ring, which supported 
neater pads for stress relieving the circumferential seam Tiie 

coSd nr the t< i P an t 4 inffed on each side, so that the 

on tb« ^tl llke A t C ^ she11 , to Permit placing the 20-foot 
rame * Attached to the ring were four structural 
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steel arms, two extending laterally from each side of the ring to 
support the heater pads for stress relieving the longitudinal seams. 
All longitudinal seams and all shop circumferential seams were 
stress relieved 18 by the heat applications. A band extending not 
less than six times the thickness of the plate on each side of the 
seam was treated. The electric heating pads for the circumferen- 
tial seams had a heating face 20 inches wide, by 18 inches long and 
for the longitudinal seams 24 inches wide by 18 inches long. Each 
heater had a rated capacity of 19 kilowatts. Half-size heaters, 20 
inches wide by 9 inches long and 24 inches wide by 9 inches long, 
each with a rated capacity of eight kilowatts, were also used. The con- 
nected load for stress relieving one section of pipe 20 feet long was 
approximately 1,200 kilowatts. All heaters were placed on the out- 
side of the pipe, and the inside of the pipe was heavily insulated by 
mineral wool blankets in the area being heated. These were held 
in place by a light structural steel framework built to conform to 



Figure 200 . — Typical X-ray picture of refected (above) and acceptable (below) welds. 


the shape of the pipe and to match the outside framework which 
supported the heaters. Asbestos rope was packed around heater 
units to prevent loss of heat during the stress relieving process. 

The switchboard, from which the heaters were operated, was ar- 
ranged for either manual or automatic control. The heating system 
was made in 10 separate circuits with the heaters for a circumferen- 
tial joint being divided into 6 separate circuits, and 1 individual 
circuit being provided for each 10-foot longitudinal joint. Automatic 
control was effected through the action of 10 chromel alum el thermo- 
couples, one provided for each of the 10 heater circuits. An automatic 
switch cut in the thermocouples one at a time and registered the 
temperature at the point of the thermocouples. The same switch 
then cut the heater circuit on or off, depending on whether the tem- 
perature was too high or too low. This control also included a time- 
control switch to insure a uniform taking on or release of load. 


“In accordance with the American Society of Mechanical Engineers Boiler Construction 
Code, UnSred Pressure Vessels Section. 
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The time-control switch was operated by 2 timers which cut in the 
power on all 10 circuits at the rate of 1 each 2 seconds. 

Temperature control, however, took precedence over the time-con- 
trol switch in the automatic operation of the heater circuits. The 
automatic control proved satisfactory up to about 800° F., but above 
this temperature manual control had to be used throughout the re- 
mainder of the temperature rise and also throughout the entire 
holding period. As a check on the temperatures during the stress- 
relieving process, 30 iron-constantan thermocouples, spaced uniformly 
along the seams being stress relieved, were provided and connected 
through a selector switch to an indicating pyrometer calibrated to 
read directly in degrees Fahrenheit. These thermocouples were 



Figubjb 201 -' — Heating units in place on a 20-foot pipe section. 


placed on the inside surface of the pipe. Preliminary tests were run 
with thermocouples placed on both inside and outside of the pipe and 
with temperatures between 1,100° and 1,200° F-; the difference in 
temperature from one side of the plate to the other did not exceed 
20° F. 

The stress-relieving process consisted of bringing a band as wide as 
six times the thickness of the plate on each side of the seam being 
stress relieved up to a temperature of about 1,200° F. and holding 
this temperature for at least 1 hour for each inch of thickness of plate. 
The time in which the desired temperature was to be reached after 
heating started was not specified in the code. In general, about 3 hours 
were required to bring the pipe to the desired temperature, depending 
to a large extent on the outside temperature and the efficiency of the 
insulation. The thickest plate required a theoretical holding time of 
1 hour and 22% minutes. However, the holding time actually ranged 
between about^ 1 hour and 30 minutes to 1 hour and 55 minutes. 
After the holding period was over, the pipe was allowed to cool with 
the hfwdfflrs and inside insulation in place. The cooling process 
mmmBj required 11 to 12 hours. 
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Transporting and placing pipe sections. 

Completed sections of pipe were loaded by the contractor’s derrick 
onto a 60-ton float trailer owned and operated by the Authority, and 
transported to a point under the two cableways for handling into final 
position in the dam. The trailer was pulled lw two 75-horsepower 
tractors. Structural steel cradles to support the pipe in place and 
anchor bars to tie the pipe down were furnished and placed by the con- 
tractor. except that anchor bolts and anchor bars were set to line and 
grade by the Authority. The first section of pipe completed and moved 
to final "position in the dam was the elbow section for the west penstock. 
After the elbow section was placed, each succeeding section, proceeding 
toward the upstream end of the pipe was placed. Both cableways, 
lifting together, were used to transfer the individual sections of pipe 
from the trailer to the cradles in the dam. The heaviest section of pipe 
handled weighed approximately 36 tons. As a general rule, sections of 
pipe were transported and placed on Sunday, when the cableways were 
released from concreting. The contractor was charged rental on the 
trailer and tractors used in transporting the penstock sections from the 
fabricating yard to the cableways, but no charge was made for cableway 
use. 


"Welding field joints. 

All field circumferential joints were welded 19 by hand. The top 
half of each field seam was made by hand welding, a single V placed 
on the outside of the pipe and the bottom half by welding a single V 
placed on the inside. The method followed was that of ^laying in.” 
shallow weld beads by the cross-weave procedure and carefully peening 
each layer before the next bead was laid in. 

Sections of pipe when placed in their final position on the cradles 
were supported entirely by steel struts. These struts remained in place 
until the joint had been properly matched and secured by short steel 
straps which spanned the joint and were tack welded to the two sec- 
tions. The bracing was then removed and the welding started on the 
inside of the pipe at the bottom and was carried both ways simultane- 
ously to the horizontal center line, working about 18 inches at a time on 
each side. After completion of this section, welding was started on the 
outside of the pipe at the horizontal center line, working both sides 
simultaneously toward the top in approximately 18-inch lengths. 
When the main weld was completed, the plate at the base of the V 
(figure 197) was chipped out from the opposite side of the plate from 
which the main weld was made and the resulting notch filled in the 
same manner as the V of the main weld. The metal forming the weld 
was in all cases deposited in horizontal layers, starting at the bottom 
of the V. After each layer was deposited it was carefully peened 
before the next was deposited; and each succeeding layer was handled 
in the same manner until a weld approximately 18 inches long was 
completed. The procedure was then repeated on each adjoining 18 
inches of the seam progressively, until the outside welds met at the top, 
or the inside welds each reached the horizontal center line. Approxi- 
mately 12 passes were necessary to build the main weld from the bottom 


In accordance with the American Society of Mechanical Engineers Boiler Construction 
Code, IJnfired Pressure Vessels Section. 
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of the V to the top, and two passes were necessary for the small weld 
on the opposite side of the plate from the main weld. The same proce- 
dure was used in making the shop hand-welded circumferential seam 
which joined together the two sections of pipe forming the penstock 
elbow. Only one hand-welded shop joint was made for each penstock. 

X-raying field joints. 

The procedure for X-raying the field-welded circumferential seams 
was identical with that used for X-raying the shop-welded circumfer- 
ential seams. A total of 2 ± exposures was necessary to radiograph 
completely a circumferential joint. 

Stress relieving field joints. 

A. decision was reached, after one field seam had been stress 
relieved, to abandon stress^ relieving on the remainder of the field 
circumferential j oints. This decision was based on the theory, which 
was substantially confirmed by test later, that in stress relieving the 
field circumferential joints, residual stresses were set up which were 
greater than those left by the welding process. Two test pieces, one 
from the stress-relieved joint and one from a joint not stress relieved, 
were removed from the pipes in order to determine the direction and 
magnitude of the residual stresses. The comparison of these two 
pieces substantially confirmed the original theory. 

Tests on stress relieving. 

Tests on one of the 20-foot welded steel penstocks in place were 
made for the purpose of determining stresses introduced during fabri- 
cation. The particular purpose of the tests was to determine the 



Figure 202. — Location of test pieces in i vest penstock. 


effectiveness of the stress-relieving process when applied to the field- 
welded circumferential joints. Strain gage measurements were 
made in each of two 10-inch squares, one across a stress-relieved joint 
and one across a joint which had not been stress relieved. 
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All longitudinal joints and the circumferential “shop” joints were 
welded by carbon arc and were stress relieved at a temporary assembly 
plant near the dam. The pipe sections thus made up were placed 
in their final positions in the dam and hand welded by a shielded 
arc. The field joint at the location of the lower test piece was stress 
relieved, but the remaining field joints were not. All internal brac- 
ing was removed before the tests. The pipe was supported by steel 
cradles between field joints. 

For the tests the gage lines were measured with a 10-inch Whitte- 
more strain gage graduated to 0.0001 inch and a 2-incli Olsen strain 
gage graduated to 0.00006 inch. An invar standard bar was used 



with the 10-inch gage and a mild steel bar with the 2-inch gage. The 
field measurements were taken in the early morning in order to 
minimize temperature differences between the inside and outside of 
the pipe. The test piece was then removed by close drilling %-inch 
holes on the line marked “cutting line”. Vertical lines were drilled 
first, one hole next to the preceding hole. Horizontal lines were 
drilled in such a manner that the amount of remaining metal per 
unit length was nearly constant. After removal, the gage lines on 
the test piece and the remaining gage lines on the pipe were again 
measured. The test pieces after removal were measured in a constant 
temperature room at 70° F., and all field measurements were reduced 
to 70° F. for comparison. 
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In the case of the upper test piece, each gage line was measured 
from two to five times, both in place and after removal, by two 
observers. The average probable errors, as determined by discrep- 
ancies in the measurements of each line, were as follows : 


Location 

Average probable errors in 
inch per inch 

10-inch lines 

2-inch lines 

Inside 

±0. 00001 
=t. ooooi 

±0.00006 

±.00003 

Outside 

; 


The maximum probable errors were = 0.00005-incli per inch for 
the 10-inch lines and =t 0.00015-inch per inch for the 2-inch lines. 
Another check on the accuracy was furnished by division of some 
of the 10-inch lines into 2-inch segments. The average difference in 
strain as indicated by the full line and by the 2-inch segments was 
=tO.OO0O7-inch per inch. The average discrepancy in the measure- 
ment of the 2-inch rosettes as indicated by a comparison of the 
diagonal lines with the horizontal and vertical lines was 0.00004:-inch 
per inch. Errors of measurement on the stress-relieved test piece 
were probably somewhat greater since fewer readings were taken. 

The plotted results of the measurements are shown in figure 204. 
In plotting the deformations, it has been assumed that the vertical 
lines deformed symmetrically with respect to the horizontal center 
line, and that the horizontal lines deformed symmetrically with re- 
spect to the vertical center line. 

The measurements confirmed doubts as to the value of this method 
of stress relieving applied to the circumferential field joints, and 
consequently the process was discontinued after a trial on one joint. 
It was concluded that when the joint was relieved of stress by heat- 
ing a limited area to the temperature at which the metal became 
plastic, the subsequent cooling, since the area was restrained from 
free contraction in the circumferential direction, introduced circum- 
ferential tensile stress. The longitudinal bending stress shown by 
the stress-relieved test piece is attributed to more rapid cooling of 
the outside of the pipe than of the inside after the heaters had been 
shut off. 

Cleaning and painting. 

After all field seams had been welded, the inside surface of each 
penstock was thoroughly cleaned by means of a portable sand blast 
machine, using steel grit as the abrasive. Sections of pipe approxi- 
mately 20 feet long were isolated by tarpaulin bulkheads and com- 
pletely cleaned of all rust and other foreign matter. Cleaned sec- 
tions were given one coat of bituminous primer by spray and brush. 

After the contract was completed and the pipes accepted, the pipes 
were ag£in thoroughly cleaned and a coat of bitumastic enamel placed 
over the entire inner surface. This work was done by the forces of 
the Authority. 
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Inspection and testing. 

The Authority maintained a force of three inspectors in addition 
to one inspector loaned by the Bureau of Reclamation who was present 
during the beginning of the field fabrication procedure. Inspection 


m 


l *s3 



&£»:« of pnncipel strains o' oooe ~cwto - — - Expansion 
Snchas per inch * Contraction 

Scats of deformat tons o“ 005"' « 

Inches 


Dotted lm*s represent position of measurement 
lines before cutting 

Solid lines represent positions after cutting 


Figure 204. — A. Deformations in test piece .removed from tedded penstock which had 
beat stress relieved. B. Deformations and principal strains in test piece removed from 
welded penstock joint which had not been stress relieved . 


was carried on during three 8-hour shifts with one inspector on duty 
during each 8-hour shift 

Each welder was required to qualify in the presence of a TYA 
inspector for each type of welding he was to do. Qualification in- 
cluded going through the entire process of welding a seam of the 
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same material as the plate in the pipes under circumstances simulat- 
ing actual conditions. 

All X-ray pictures were made in the presence of a TVA inspector. 
Each exposure was identified by lead reference markers which were 
placed directly over permanent* identification marks stamped on the 
parent metal. “ Two penetrometers with grooves representing 2 percent 
of the plate thickness were placed near the welds, one at each end 
of each exposure. X-ray film, 4% inches wide by 34 inches long, 
was used for the pictures. The films were enclosed in a casset, having 
superspeed intensifying screens. When loaded, the casset was 
placed in an open-face lead-lined box and securely fastened, face 
down, over the seam to be radiographed. After several experimental 
exposures, it was determined that the required time for best film 
exposure was 4 minutes for 1%-inch plate with a primary line 
voltage of 168 volts. Each film overlapped the preceding film two 
inches to insure complete coverage. In making reshots of repaired 
sections, the reshot film carried the same identifying number, with 
the addition of R, as did the original film. In cases where more 
than one reshot was necessary at one location, only the original and 
the acceptable films were filed, all intermediate reshots having been 
destroyed. All films were either accepted or rejected on the basis 
of a comparison to the sample pictures of acceptable welds. On the 
average, one chip-out and reweld was necessary for each 10 feet of 
welded seam. 

In addition to the X-ray test, a series of four physical tests was 
conducted on specimens made from the starting and finishing plates 
for the longitudinal seams. These tests included free bend, reduced 
tension, all-weld tension, and specific gravity. All laboratory tests 
were made in the presence of a TVA inspector. 

Value of stress relieving. 

The value of stress relieving of circumferential field joints Jby 
heating the weld and a limited area on each side of it while maintain- 
ing the remainder of the metal at air temperature was considered 
questionable. To determine the effect in an actual case, tests were 
made on the first stress-relieved field joint to determine the state of 
stress at the weld. Ten-inch strain gage patterns of 20 lines each 
were laid out on the inside and the outside of the pipe, centered on the 
weld, and designed to measure longitudinal, circumferential, and di- 
agonal strains. Initial measurements were made after stress relieving 
and the test piece was then removed by close drilling a 15-inch square. 
A comparison of measurements before and after removal of the 
test piece indicated the magnitude of the residual stresses, assuming 
that after removal the test piece was free of stress. The process 
was then repeated on a joint which had not been stress relieved. The 
procedure was the same as before, except that in the second case 
both 10-inch and 2-inch gages were used, and each pattern consisted 
of 91 lines. A total of over 1,200 strain gage readings was taken. 
The measurements indicated that stress relieving of the field joints 
could not be accomplished by heating only the weld and a short 
section of pipe on each side of it. 
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Contractor's organization. 

The penstock assembly and erection were under the direct super- 
vision of the chief engineer of the contracting company. In addition, 
the supervisory personnel included one engineer, one superintendent, 
two shift foremen, and the following men: 


Xumbf.r of men Classification 

1 X-ray photographer 

1 Derrick operator 

1 Storekeeper 

25 to 35 Welders 

25 to 35 Chipper s and peeners 


Job progress. 

Award of the contract was made on June 15. 1034, and about 30 
days later the first material for the pipes was delivered to the field 
fabrication plant. The first section of pipe was placed in final posi- 
tion on September 9. 1934, and the work of the contractor was com- 
pleted on November 3, 1934, 144 days from the award of contract. 

POWERHOUSE 

Construction of the powerhouse was divided into two phases : the 
substructure which consisted mainly of concrete surrounding the 
draft tubes and scroll cases; and the superstructure including the 
structural steel frame and concrete for the powerhouse walls. Since 
the speed rings and scroll cases were erected prior to concreting: of 
a part of the substructure, details of their erection will be described 
here, and the other items of permanent powerhouse equipment will 
be treated later. 

Substructure. 

Draft tubes . — Forms for the draft tubes were fabricated com- 
pletely on the carpenter shop platforms and moved by cableway 
directly into final position in the powerhouse. Ribs for the forms 
were of double 2- by 10-incIT timbers spaced 16 inches on centers. 
The downstream 20 feet of each tube form was lagged with 2-inch 
pine while the remainder, in order more easily to form the curved 
surfaces of the elbow section, was lagged with a double layer of 
narrow %-inch-thick strips. 

Each form was cut into five sections to facilitate handling and 
placing. The three horizontal arms and the elbow and throat sec- 
tions made up the five pieces. A single cableway placed each sec- 
tion separately, beginning with the horizontal arms, then the elbow, 
and finally the throat section. 

The usual and logical procedure in setting draft tube forms is 
first to place the pier nose castings and then concrete the base of each 
casting before placing the forms. Shipment of the pier nose cast- 
ings was delayed several weeks; therefore, the usual procedure was 
reversed to avoid any delay in the preparation of forms for that part 
of the powerhouse in which the draft tubes were located. This neces- 
sitated removing part of several ribs and some lagging on each side 
of each form in order to clear the bottom flanges of the castings as 
they were lowered into place. 

1 5«>8 X3' 1 1 1 4 0 - 29 
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Concreting of the substructure around the draft tubes was carried 
out in eight stages, using a mix composed of iy 2 -inch maximum size 
aggregate with 1.50 barrels of cement per cubic yard and a water- 
cement ratio of 0.55 by weight. In sections not heavily reinforced, 
and where the form was comparatively large, some mass concrete 
was used. Mixing and placing was done by the regular mixing and 
transporting facilities. 



Figure 205 . — Draft tube forms in place * 


The draft tube liners were included in the turbine contract and 
furnished by the Newport News Shipbuilding & Dry Dock Co. Each 
liner was shipped to the job in two pieces and assembled and welded 
in place. They were anchored by bolts embedded in the concrete. 
Do-op bars were also placed in the concrete to which turnbuckles were 
anchored for pulling the liners into final shape prior to concreting. 

Speed ring erection , — The speed rings were cast in four sections, 
each section weighing approximately 15 tons, and were shipped to 
the job unassembled. The speed rings were attached to the draft tube 
liners after concrete had been poured to elevation 824. Twelve ped- 
estals were poured in which speed ring anchor bolts were set and 
which served as jack bases. The speed rings were brought to line 
and grade by means of the anchor bolts and a set of 12 jacks, one 
placed on each pedestal. These jacks were left in place and were 
later covered with concrete. 
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Scroll C'i>€ assanbly . — After the speed rings were in place, tlie 
spiral casings were assembled and bolted completely. Erection was 
started opposite the Y -casting and carried first in an upstream di- 
rection to the penstock connection. When this portion had been 
completely assembled and bolted up. erection was started again at 
the Y -casting and proceeded in a downstream direction and around 
the speed ring to the connection with the Y-casting and the previously 
assembled section. The entire casing was completely assembled and 
bolted in place before any rivets were driven. The casing was also 
bolted to the speed ring as the assembly progressed. The Newport 
News Shipbuilding & Dry Dock Co. furnished the spiral casings and 
the additional transition section necessary to connect the inlet end of 
the scroll casing with the penstock. 



Figure 206. — Speed ring assembly. 


When the entire spiral casing had been completely bolted, the 
circumferential joint at the upstream end of the thimble section 
was riveted. The next joint downstream was then cut in place 
providing a minimum clearance of % inch between ends of adjacent 
plates at this point. Riveting of the 10-foot penstock extension to 
the welded penstock pipe was the next step. The longitudinal 
joints in this 10-foot section were also completed at this time. With 
the exception of the first circumferential joint downstream from the 
end of the thimble section, the entire spiral casing was then riveted. 
The unriveted joint was left loose so that any movement occuring 
during the riveting or final lining up and leveling of the speed rings 
would not be restrained. This procedure was similar for each unit 
except that in the west unit the unriveted joint was at the end of 
the welded penstock pipe. Bulkheads were provided so that space 
would be lerfc in the concrete to permit riveting of the closure joints 
at a later date. Riveting of both closure joints was completed dur- 
ing the latter part of January 1936 when both the outside tempera- 
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ture and the temperature o£ the exposed portion of pipe were fairly 
low. The specifications required that these two joints be riveted 
when the air temperature was 32° F. or below in order to take ad- 
vantage of the cooling effect of the surrounding air which caused the 
£)ipe to contract. This restriction eliminated the possibility of tension 
after the pipe had been embedded in concrete and the cooling action 
of the water passing through the pipe took effect. 

Both spiral casings contained approximately 39,540 rivets. A 
total of 1,411, or 3.63 percent, driven rivets were rejected, cut out. 
and redriven. The best day’s driving with seven crews working 
6-hour shifts was 2,409 rivets, while the best driving for a 6-hour 
shift by a single crew was 439 rivets. 

Concrete around the scroll cases was poured in 10 lifts varying 
from 2 to 5 feet in depth. The space under each scroll case adjacent 
to the bottom speed ring was filled by means of three 12-inch pipes 
arranged to conduct the concrete into this space which became inac- 
cessible after the concrete reached the bottom of the spiral casing. 
These pipes were left in the concrete. A series of 2-inch holes in the 
bottom of the speed ring castings was provided for grouting the 
bottom of the speed ring. These .holes were tapped for 2-inch pipe 
and were left open to act as air vents during the concreting of the 
space around the scroll cases. After the concreting was completed, 
a 2-inch pipe, tapped to fit these holes, was used to fill the remaining 
space around the casting with grout. Holes were then closed by 
means of 2-inch pipe plugs which were chipped off flush with the 
casting. Concrete around the spiral casing utilized a hopper and 
a series of chutes and elephant trunks. 

Three different classes of concrete were used in the pours around 
the scroll casings. The majority was composed of 3-inch maximum 
size aggregate using a water-cement ratio of 0.60 by weight and 
1,33 barrels of cement per cubic yard. In parts of two or three 
pours the regular 3-inch reinforced concrete mix was also used. The 
remainder of the concrete, except for that used in grouting the speed 
ring, was composed of 1%-Inch maximum size aggregate, using 
water-cement ratios of 0.60 and 0.55 with 1.50 barrels of cement per 
cubic yard. In grouting the speed ring of the east unit, the mix 
was composed of 34-inch maximum size aggregate with water-cement 
ratio of 0.55 by weight and 1.70 to 1.80 barrels of cement per cubic 
yard. 

Superstructure. 

Struetziral steel . — Approximately 915 tons of powerhouse struc- 
tural steel were furnished and fabricated bv the Virginia Bridge 
& Iron Co. at a bid price of $62,980. Erection was by the regular 
job rigger forces under the supervision of tlie general rigger fore- 
man. All steel was handled to the job from the Coal Creek unload- 
ing yard by heavy-duty float trailers. The cableways were used to 
place the steel in the powerhouse structure. 

Accepted practice and the specifications were followed in placing 
and riveting. A total of 25,930 field rivets was driven, of which 
about 4 percent had to he cut out and redriven. Erection of the 
powerhouse si eel was started on August 14, 1935. with the setting of 
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the main column base plate?*. All the steel wa> erected ami i*i vete« 1 
by December S’. 1933. 

Concrete . — Forms for the powerhouse superstructure walls pre- 
sented the most unusual form problem on the entire job. The out- 
side wall surface forms above the water table at elevation 809 were 
composed of panels 8 feet high and 80 feet long. They were built 
on a scaffold and moved into place when completed. This scaffold 
was carried up as the work progressed. Below tlie water table, the 
walls were thick enough to allow workmen room to work inside. 
These forms, as well as all inside wall forms, were built in place. 
Above the water table the inside wall form was always completed 
before the outside wall was moved into place. Wales consisted of 0- 



Figure 207. — Structural steel erection. 


by S-inch timbers on 3-foot centers while studs were 2- by 8-inch 
timbers on about 15-incli centers. Lagging was placed in two layers : 
the first layer composed of 8- bv 6-inch and 2- by 8-incli pine boards 
placed diagonally across the studding at about 45° ; the second layer 
on the inside wall surface of the form consisted of %-ineh matched 
tongue-and-groove flooring with the joints horizontal. Considerable 
care was exercised in scraping and sanding the finished inside wall 
surface forms to insure that the form marks would be reduced to a 
minimum in the finished concrete. The second layer of lagging on 
the outside wall surface form was %-ixich matched tongue-and- 
groove flooring with the contact face unfinished. It was placed in 
panels 4 feet high and 10 feet long with the joints between boards 
in one section horizontal and in each of the four adjacent sections 
normal to the horizontal. At the joints between panels a V- strip 
was placed to isolate completely each panel from all adjacent panels 
and to emphasize a large block stone-matched joint effect. Above 
the water table after the inside wall surface form was completed for 
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each lift, reinforcing steel Teas placed prior to moving the outside 
Trail form into place. 

Concrete was mixed and transported to the forms by the regular 
concrete mixing and handling facilities. The 6-cubic-yard, round, 
controllable dump bucket was used for placing concrete because of 
the convenience of the controllable dump feature which permitted 
distributing a batch over a long length of wall form. As a general 
rule, only 3 cubic yards were handled by the bucket at one time. 
Concrete was consolidated by means of electric vibrators in the same 
manner and using the same equipment as for the mass concrete of 
the dam except that the Mall electric vibrator was used in heavily 
reinforced sections. The walls were poured in 8-foot lifts. 



Figure 203 . — Exterior powerhouse tvalls . 


Concrete for the thickest section of the wall is composed of 3-inch 
maximum size aggregate, using 1.33 barrels of cement per cubic yard 
and a water-cement ratio of 0.55 by weight. The majority of the 
concrete in the walls is composed of 1%-mch maximum size aggre- 
gate with 1.50 barrels of cement per cubic yard and a water-cement 
ratio of 0.55 by weight. Extra cement up to about 100 pounds per 
3-cubic-yard batch was added at times to improve workability and 
to aid in placing the heavily reinforced sections. In some very heav- 
ily reinforced sections of the walls, the concrete was composed of 
% -inch maximum size aggregate with 1.70 bands of cement per 
cubic yard and water-cement ratio of 0.55 by weight. 

INSTALLATION OF PERMANENT POWERHOUSE EQUIPMENT 
Turbine installation. 

Assembly of the turbines was continued after the concrete bad 
been poured around the scroll cases up to and including the generator 
barrels. When the curb and crown plates were finished in the shop 
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of the Newport News Shipbuilding & Dry Dock Co., approximately 

0.016 inch of stock was left to be removed in the Meld by grinding, 
thus assuring a seat for the removable wearing ring, concentric with 
the remainder of the turbine installation. 

Assembly for grinding . — The process of assembling the necessary 
parts of the turbine and the grinding machine for the grinding proc- 
ess was as follows: 

1. The curb plate was placed into approximate final position. 

2. Eight of the 24 wicket gates (every third wicket gate) were 
installed. This included fitting the top "and bottom gate stems to 
their respective bearings in the crown and curb plates. A complete 
fit was necessary in order that curb and crown plates could be prop- 
erly lined up with respect to each other prior to grinding. 

3. The lower bearing, shaft, and rotating arm of the grinding 
machine were lowered into place with the driving and grinding 
mechanisms assembled. Two 10-inch I-beams which rested on. the 
speed ring served to support these grinding machine parts while the 
remainder of the assembly was completed. 

4. The crown plate was then installed. 

5. With the crown plate and curb plate both installed in approxi- 
mate positions, they were lined up properly and doweled to the speed 
ring. 

6. The bearing housing was next installed. 

7. With the bearing housing in place, the grinding machine shaft 
top bearing was installed and the assembly of the grinding machine 
completed. 

8. The two 10-inch I-beams which had previously supported the 
grinding machine were removed after the machine was completely 
assembled. 

Details of grinder . — The grinder consisted essentially of a vertical 
shaft, a rotating arm which carried the grinding tool, a driving 
mechanism, and a support for the weight or the machine. 

The vertical shaft was held in a central position by a casting which 
fit into the conical bore in the bearing housing of the turbine, and was 
provided with a steady bearing at its lower end to assist in maintain- 
ing perfect alignment. The driving mechanism rotated about the 
vertical shaft on a stationary sleeve fitted with tapered roller bearings, 
and was driven by a three-horsepower motor through a pair of spur 
gears, a worm gear, and a pinion gear. The pinion gear meshed with 
a large gear keyed to the sleeve. The sleeve carried the weight of the 
revolving parts of the machine and was moved up or down along the 
vertical shaft by means of a hand-operated screw. This sleeve had ' 
four clamping screws at each end, which were used to center the sleeve 
on the shaft and hold it rigidly during the grinding operation. The 
grinding wheel and its driving motor were mounted on a saddle, 
which could be moved in horizontal and vertical directions by means 
of feed screws. Electric current was delivered to the motors through 
the brushes and slip rings. The necessary controls and push-button 
switches were mounted on the machine within easy reach of the 
operator. 

Grinding procedure . — Grinding of the seats for the stationary 
wearing rings on the curb and crown plates was probably the out- 
standing feature of the turbine installation. The procedure followed 
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in grinding: the rearing ring seats to final size concentric with tlie 
remainder of the turbine was as follows : 

1. After the grinding machine was completefy assembled, it was 
plumbed and lined to perfect center. This was done by means of 
the leveling screws in the castings which fitted into the conical bore 
of the bearing housing, and by means of the steady bearing at the 
bottom of the shaft. It Avas essential that this shaft he perfectly 
centered and plumbed, because all measurements during the grind- 
ing process were made from it. 



SECTIONAL ELEVATION 

Figure 209 - — Details of the special radial grinder. 


2. Seats were next honed down in four or five places to finished 
neat lines. These spots were approximately %-inch square and were 
placed at the top of the curb jfiate and bottom of the crown plate. 
They served as guides to the operators of the grinding machine as 
to the depth of cut remaining, necessary to bring the seats to the 
desired neat line. 

3- The actual grinding was started on the curb plate at the top 
of the seat and worked downward, across the plate to the bottom. 
Cuts were usually about 14 -inch wide and about 0.001 inch to 0.0015 
inch deep. The driving mechanism was arranged to work at 4 
speeds, ranging from approximately 1 trip around the periphery 
per minute to 1 trip in 3 minutes. At the beginning of the grind- 
ing procedure, the machine was tried at all speeds but was found to 
operate more successfully at the slowest speed. From 45 to 50 com- 
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plete trips around the periphery of the crown or curb plates were 
usually required to traverse completely the face of the wearing 
ring - seat. 

4. After completely traversing the width of a sent, the face was 
checked for plumb from the shaft of the grinding machine by 
means of a specially made steel measuring rod. Due to wear on the 
grinding wheel in traversing the surface of the face, for which no 
correction was attempted, there always occurred a discrepancy be- 
tween the edge on which the grinding was started and that on which 
the "rinding was completed. This necessitated some additional 
grinding in order to make the face of the seat perfectly plumb 
again. This process was known as “dressing lip 5 ' the face. 



Figure 210. — Grinding operation 


5. Following each operation, the machine was set for another cut 
and the face of the seat traversed in the opposite direction. 

The process of grinding and dressing up was repeated until the 
seat was ground to the desired neat line. Two daily determinations 
were made of the status of the grinding, and this information was 
passed on to the shift machinist foremen for their information as to 
how much grinding remained to be done. The west unit was ground 
first, and considerable experimenting was done initially to determine 
the operating speed, grain size, and grade of grinding wheel that 
gave best results. It was found that a combination of medium grain 
carborundum wheel worked best on this steel.- 0 The amount of 
experimenting necessary at the start of the grinding process resulted 
in 12 working days required to complete the west unit. The east 
unit was completed in 8 working days. 

Wearing rings . — Following the grinding process, the crown plate 
for each unit was placed bottom side up on the assembly bay floor 


* Class II, medium-annealed cast steel. Federal Specification QQ-5-GS1. 
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and tlie outer top stationary wearing ring, which had been drilled 
and countersunk in the contractor’s shop, was fitted to the crown 
plate and used as a template for laying out the assembly holes. 
This ring was assembled to the crown plate with special ' double- 
headed bronze screws and each screw countersunk to take the real 
head with a groove in the countersink provided alongside the screw 
head at the surface of the ring for locking the screws. After the 
screw was set, the false head was cut away and each screw was locked 
by peening the real head into the groove provided. The head of each 
screw was then ground flush with the wearing ring surface. The 
inner top wearing ring, the seat for which was machined in the 
contractor’s shop, was also assembled at the same time and in the 
same manner as the outer ring, except that all holes had been drilled 
and tapped in the contractor’s shop. This ring was left for field 
assembly to allow a working clearance for the grinding machine at 
the crown plate. 

The curb plate, which had been assembled to the speed ring at the 
beginning of the grinding process, was left in place when the grind- 
ing was completed. The procedure in assembling the bottom station- 
ary wearing ring to the curb plate was similar to that in assembling 
the outer top ring to the crown plate. 

Completion of assembly . — The remaining steps in the turbine 
assembly were completed in the following order. 

1. The remaining wicket gate stems were fitted to their respective 
bearings in the crown and curb plates. The gates were removed 
to permit lowering of the 75-ton runner and shaft into place — 
temporarily supported oh the ledge at the bottom of the speed ring. 
Assembly of the shaft to the ^runner had been previously completed 
on a timber crib built on the 847 floor of the powerhouse, downstream 
and midway between the two units. 

2. All gates were assembled to the curb plate, the crown plate 
was placed, and the installation of the wicket gates completed with 
the assembly of the individual gate bushings and wearing plates. 

3. The second step was followed by the assembly of the packing 
box housing and bearing housing to the crown plate; installation of 
wicket gate levers and links ; and the installation of servomotors and 
connecting rods. 

4. The guide was next assembled and fitted so that the turbine 
shaft and runner could be checked for centering and plumb prior 
to placing the top part of the shaft which was a part of the gen- 
erator contract. This check was necessary since after the generator 
assembly was started, no further alignment of the turbine shaft was 
contemplated until final alignment and centering after the generator 
rotor was in place. 

5. After the completion of the above operation, the guide bearing 
was removed, the top half of the shaft placed, and the connection 
between the top and bottom sections made. .Assembly of the gen- 
erator was then continued until the entire weight of the runner and 
shaft was taken by the Kingsbury bearing. At this stage of the 
generator assembly, the combined shaft was tested for plumb. 
This was done by measurements from four heavy plumb bobs sus- 
pended on piano wires from the lower bracket of the generator. 
Adjustment of the thrust hearing bolts was made to bring the as- 
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sernbly to perfect plumb. The runner and shaft were rotated 
through 36u ; and tested for plumb from the plumb bob suspen- 
si on wires at each quarter point. The combined shafts were also 
cheeked for trueness over the entire length by mounting indicators in 
pairs at several elevations and rotating the runner and shaft. Prior 
to this test, the gland packing was installed so that pendulum motion 
of the shaft and runner would be avoided during rotation. This check 
revealed that the shaft assembly in each unit was perfectly true 
within the tolerances accepted in* installations of this kind. 

Erection of the generator was continued after this check, with the 
installation of the completely assembled rotor. With the rotor in 
place, the final check on vertical alignment of the shaft was made to 
determine whether or not any unequal deflection of the lower bracket 
had occurred due to the addition of the rotor load. The same pro- 
cedure was followed and the same equipment used as in making the 
original test for plumb. 

6. Final installation of the guide hearing was completed after the 
final check on vertical alignment of the shaft was made. In the west 
unit, the guide hearing was assembled and checked for centering and 
alignment and found to be correct. When assembly of the guide 
bearing was attempted in the east unit, it was discovered that mis- 
alignment of turbine parts had occurred. A check of the completely 
assembled west unit revealed objectionable misalignment that bad oc- 
curred after final check. 

7. The remainder of the installation entailed the assembly of the 
miscellaneous small parts which included the stuffing box ring, guide 
ring, bearing cover, ring seating, indicating devices, etc. Standard 
mechanical practice was followed in fitting the parts together, and 
specifications were adhered to as rigidly as possible in regard to 
tolerances and clearances. 

Assembly 'personnel . — The contractor furnished three erectors who 
supervised the work of installing the turbine. The first erector was 
sent to the job just prior to the installation of the draft tube pit 
liner, and served as contractor’s erection superintendent on this work. 
Prior to the installation of the speed rings and spiral casings, a 
second man was sent to serve as contractor’s erection superintendent. 
He was assisted by the erector who had supervised the installation of 
the draft tube liner. After the spiral casings were completed, a 
third man was sent to serve as turbine erection superintendent. He 
relieved the erector who had supervised the speed rings and spiral 
casings, but retained the same man as assistant who had been assistant 
on the spiral casings assembly. 

For the Authority, the turbine installation w’as under the general 
supervision of the master mechanic. Grinding of wearing ring seats 
was carried on during three 8-hour shifts, requiring one machinist 
foreman and crew on each shift. Another machinist foreman and 
crew on each shift handled the remainder of the erection which was 
carried on during two 8-hour shifts. 

Turbine misalignment. 

The first indication that some outside force had acted to cause 
misalignment of the turbine assembly came during the installation 
of the east unit when the turbine erector was ready to make the final 
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installation of the guide bearing. Considerable difficulty was being 
encountered by the generator erector in correcting the vertical align- 
ment of the shaft after placing the rotor. This misalignment was 
attributed to the unequal deflection of the generator lower bracket 
by the addition of the rotor load. Acceptable alignment was finally 
obtained, but in order to center the runner again it was necessary to 
shift the guide bearing. About 6 weeks prior to this time, a pre- 
liminary installation of the guide bearing had shown the runner 
centered and the shaft plumb. This discovery in the east unit led to 
an investigation of the condition of the alignment in the west unit, 
which had been completed and coupled to its generator about 2 
months before. The investigation revealed that a similar but greater 
misalignment of turbine parts had occurred. 

Condition of assembly . — A check to ascertain the magnitude of the 
misalignment indicated that the top of the shaft of each unit had 
moved upstream and eastward on a line about 45° with the axis of 
the dam. In the west unit the magnitude of the major deforma- 
tions was greater — being in most cases about twice as great as in the 
east unit. Besides the tilting of the shafts the guide hearings and 
speed rings were out of level and the latter had become slightly 
elliptical with the minor axis parallel to the line of movement of the 
turbine shafts. The wicket gates were found to be out of square 
with the speed ring and caused binding in the gate bearings. Run- 
ner clearances had not changed appreciably at the crown plate of 
either unit, probably due to the relatively stiff crown plate which 
withstood the external forces tending to deform it. As an indica- 
tion of the magnitude of the misalignment, the shaft of the west unit 
was out of plumb 0.059 inch in 13 feet and runner clearances at the 
curb plate showed a difference of about 0.051 inch between the length 
of the major and minor axes of the speed ring. 

Cause of distortion . — No definite cause of the distortion of the 
turbine installation was ever determined. It was thought at the 
time of the discovery that some structural deflection or foundation 
deformation resulting indirectly from water load on the dam might 
have caused it. Several cracks in the powerhouse substructure and 
superstructure concrete which had previously been noted were ob- 
served and studied in an attempt to substantiate this theory, but no 
definite conclusions were reached. The position and direction of the 
cracking, however, seemed to indicate in a general way that the 
theory of structural deformation caused by water load was essen- 
tially correct. 

Corrective measures . — After considerable study, an agreement 
among representatives of the Newport News Shipbuilding & Dry 
Dock Co., Westinghouse^ Electric & Manufacturing Co., and the 
Tennessee V alley Authority was reached as to the procedure to be 
followed in realigning the turbine assembly. The following proce- 
dure was adopted for the west unit : 

1. Without moving the thrust bearing and top guide bearing, the 
limner was placed so that the following clearances were obtained be- 
tween the runner and crown plate wearing ring : 


Inch 

PcwmstFmui (tail race position) 0. 037 

Upstream (opposite tailraee) .029 

East and west sides — equal at .025 
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The lower or turbine guide bearing was? then adjusted, and 
clearances, shown in figure 211 (a), between guide 1 rearing and shaft 
were obtained. 

UPSTREAM 

(north) 



DOWNSTREAM 

(south) 

Figure 211 . — Clearances in inches betiveen guide bearing and shaft — uest unit. 


3. Without moving the shaft, the thrust bearing was adjusted to 
distribute properly the load on the bearing. 

4. The curb plate was shifted until approximately equal runner 
clearances were obtained all around as indicated in figure 211 <b). 

No attempt was made to plumb the shaft, and a check after all 
the above adjustments were made showed the shaft to be about 0.051 
inch out of plumb in 13 feet with the top upstream and east from 
the bottom. The thrust bearing was adjusted to maintain the shaft 
in this position. 

In the east unit, it was decided to continue the normal procedure 
of alignment. The distortion was much smaller in this unit than 
in the west unit, so it was possible to make the necessary adjustments 
to bring the parts into almost perfect alignment. The shaft was 
approximately 0.010 inch out of plumb in 13 feet with the top down- 
stream from and west of the bottom. Figure 212 (a) indicates the 
clearances obtained between the top of the guide bearing and shaft. 
Final clearances between the runner and the stationary wearing ring 
at the crown plate varied from 0.040 to 0.033 inch and are shown in 
figure 212 (b) . These clearances showed no appreciable change from 
those which existed at the time the distortion was discovered. No at- 
tempt was made to adjust the curb plate to alter the clearances be- 
tween the runner and the stationary wearing at the curb plate. The 
clearances were considered ample as shown in figure 212 (c) and, 
although not absolutely uniform, were considered acceptable under 
the circumstances. 

Conclusions . — Several of the conclusions reached regarding the 
turbine misalignment are as follows: 

1. The same outside force which acted to cause distortion of one 
unit also caused distortion in the other. This is obvious from the 
fact that the same manner of misalignment occurred in both units. 

2. The difference in magnitude of misalignment in the two units 
was largely due to the fact that the force acted after the west unit 
was completed, thus causing the west unit to reflect the full effect. 
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whereas the east unit was in process of assembly and. only reflected 
a part of the effect of the force. 

3. Apparently the effect was of a permanent nature, since measure- 
ments on the level of the speed ring in the crown plate landing have 
indicated no change in magnitude of misalignment over a period of 
1 year. 

4. The careful grinding of the wearing ring seats to insure that 
the wearing ring would be concentric with the remainder of the 
installation was of little value under the circumstances. 

UPSTREAM 

(north) 


0.005 0.039 



(a) (b) 


LEFT BANK 
(EAST) 


0.068 



DOWNSTREAM 

(sooth) 

Figure, 212 . — Clearances in inches between guide bearing and shaft — east unit. 

5. Although not desirable, the remaining misalignment in the two 
units is minor. This conclusion seems valid in view of intermittent 
operations of both units at varying loads and heads over a period 
of approximately 1 year. Further developments after a longer period 
of operation may change this viewpoint. 

6- Units at other plants have been run for several years with 
greater misalignment than occurred at Norris with no injuries to the 
bearing or any other part of the assembly. 

Operating Noises and Vibrations. 

The west unit was first put into operation on July 28, 1936, under 
a head of 176 feet. Except for a slight whistle at very low loads, 
which seemed to come from the generator, the unit was quiet at all 
loads and gate openings and the slight whistling noise disappeared 
after a few hours of operation. Operation was almost continuous 
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after the first few days at very nearly full loads, until about Septem- 
ber 30. 1930. Noise and vibration were first noticed about Septem- 
ber *20. 1936. After a shutdown on September *26. the vibration was 
much more serious and the noise more noticeable. The head at this 
time was about 160 feet, and the noise and vibration were greatest 
at gate openings between 50 and 75 percent. 

In the east unit similar vibrations developed when the unit was 
under a load of 36.000 kilowatts which required a gate opening of 
65 percent at ICO- foot head. 

for/-* rftrt- HtraxHrv *. — After observing the two units in operation 
over a period of several day>, attempts were made to learn the cause 
of the noise and vibration. During the period of observation, an 
oscillograph was obtained and the period of vibration was deter- 
mined to range between 90 and 100 cycles per second. When the 
machine was shut down and the runner un watered, another test was 
conducted to determine the natural vibration period of the runner 
vanes. This consisted of tuning a trombone to the tone obtained 
by striking a runner vane with a hammer. The natural period of 
vibration of .the runner vane was found to be about y m of a second, 
which corresponded remarkably well with the frequency of vibration 
obtained by means of the oscillograph. This somewhat substanti- 
ated the theory that the noise and vibrations were the result of a 
hydraulic phenomenon that caused vibration of the runner vane, 
winch was subsequently imparted to other parts of the turbine. 

In an attempt to eliminate the noise and vibration, a series of 
tests was run on the west unit using wood blocks and 1%-inch 
round steel bars as stiffeners between the runner vanes. The tests 
conducted and the results obtained may be outlined as follows: 

1. Wooden blocks as struts were placed between the runner vanes. 
A test was made, and it was discovered that the range of gate open- 
ing at which the noise and vibration had occurred had changed from 
the original range of from 52 to 72 percent to a range of from 63 to 
7*2 percent. During this test run, it became necessary to drop in- 
stantaneously the load of 30,000 kilowatts which the generator was 
carrying, resulting in a momentary runaway, and causing the loss 
of some of the wooden blocks. 

2. The loss of some of the blocks, as outlined above, made it advis- 
able to make another effort along similar lines. Therefore, the 
blocks were replaced and, in addition, the bottom half of the runner 
tip was removed and the small openings in the upper half of the 
runner tip were closed by the application of a plate on the inside and 
outside of the runner tip. A test run was made, and, although the 
noise seemed to be lessened over the full range of gate opening, it 
was found that the no-load gate requirements were raised from a 
normal of 4 percent to 10 percent- It was also found that the full 
load capacity of the generator was reduced by between 2,000 and 
3,000 kilowatts. Vacuum conditions were also affected to the degree 
that no vacuum existed up to a load of approximately 25,000 kilo- 
watts. In view of the above, it was concluded that no appreciably 
better results were obtained from this test. 

3. The wooden blocks were again checked and the bottom half of 
the runner tip left off, using in place a flat steel plate attached to the 
bottom of the upper half of the runner tip. The plates over the 
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holes in the upper half of the runner tip were removed. A test run 
was made, with the result that vibration and noise were eliminated 
over the full range of gate opening, with the exception that between 
65 and 68 percent gate openings, there was a very slight vibration 
and almost imperceptible extraneous sounds. 

This test run appeared to indicate conclusively that the vibration 
and noise conditions were clue to the vibration of the runner casting 
itself, and that bv bracing between the vanes the vibration could be 
completely eliminated. It was felt that the vibration existing over 
the 3 percent gate opening above mentioned was doubtless due to the 
fairly large area of obstruction created by the size of the wooden 



Figure 213 . — Struts welded to turbine runners to eliminate vibration. 


blocks. Therefore, it was decided to reduce this area by tack 
welding a 1 hi -inch round steel bar between the vanes at approxi- 
mately the same location at which the wooden blocks had been placed. 

4. The blocks were removed and replaced by 1 Vi -inch round steel 
bars between the vanes and tack welded on a level with the curb plate 
and 26 inches in from the edge of the runner. The bottom half of 
the runner tip remained removed, and the flat steel plate attached to 
the bottom of the upper of the runner tip remained in place, as in the 
previous test. The holes in the upper half of the runner tip remained 
open. 

A test run over the full range of gate openings from 0 to 100 per- 
cent and over the full range of generator loading was made. This 
run demonstrated conclusively that no vibration existed at any point 
in the entire range, and that the unusual noise condition was com- 
pletely eliminated. The no-load gate requirement returned to the 
previously indicated normal position of 4 percent gate opening and 
the full load capacity of the machine returned to the previously es- 
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tablished normal rating of 4S.OOO kilowatts. This was obtained at 
the total head of 159.2 feet. 

As a result of the above experiment and test runs, it appeared con- 
clusively that the noise and vibration originated in the vibration of, 
the runner varies^ The experiments with the struts seemed also to 
indicate that to eliminate the vibration effectively, it would be neces- 
sary to tie the vanes together, thus reducing the" unsupported length 
and changing the natural vibration period. 

An agreement was reached whereby the Newport News Shipbuild- 
ing & Dry Dock Co. furnished and installed the necessary struts. 
The danger of increased cavitation and pitting was considered, and 
it was decided to use struts elliptical or *ffish-shaped” in cross section 
instead of round bars in order to reduce this possibility. Stmts 
were installed in both runners, with the result that practically till 
vibration and noise have been eliminated. 

Governors. 

The installation of the governor on each unit involved no special 
difficulties. This equipment was installed completely, including all 
piping, electrical connections, and wiring, by the regular electrical 
and mechanical forces of the Authority. After the installation was 
complete, the contractor’s engineers made all necessary adjustments 
and placed the governors in operating condition. 

Generator erection. 

Erection of the generators was under the supervision of an erection 
superintendent from the VT estinghouse Electric & Manufacturing Co., 
assisted by one assistant superintendent, one foreman, one mechanic, 
five winders, eight helpers, and one timekeeper and office assistant. 
For the Authority, erection was in general charge of the general 
electrical foreman. The only additional job personnel actumly en- 
gaged in the erection were the riggers who handled the unloading 
and transporting of the parts to the job and the powerhouse crane 
operator who operated the crane during the erection. Most of the 
work was of a general assembly nature and was completed with 
little difficulty. 

Rotor assembly . — The rotors were shipped to the job completely 
dismantled and the entire assembly made on the job. In order to 
facilitate handling by railway freight from the factory to the Coal 
Creek unloading yard, 4 of the 10 spider arms were cast about 4 
feet shorter than the required length. Four extensions to match 
the short spider arms were cast and furnished for connecting by 
heavy bolts to bring the arms to proper length. Except for the 4 
extensions, the spider for each rotor was cast of steel in 1 piece with 
a solid hub. 

Standard electrical practice and specifications were adhered to 
throughout the rotor assembly which was carried out in the following 
steps : 

1. The spider was placed on the stub shaft which rested on a 
special base built into the erection bay floor. 

2. Spider arm extensions on four short arms were assembled 
and bolted. 
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3. Brake ring was fitted and removed. 

4. Lower end plate was assembled, laminations stacked, and tlie 
upper end plate assembled, completing tlie assembly of the 
laminations. 

5. Laminations were expanded by heating and driving wedges 
between the end of the spider arms and lamination ring plates. 

6. Brake ring was assembled. 

7. Field coils were hung. 

8. Field coil connectors, damper coil ring, and ring connectors 
were placed. 

9. Field coil resistance was checked. 

jStator assembly . — Each stator was shipped to the job in four 
equal segments which were assembled on the generator barrel and 
the frames welded together. The field erection included six steps: 

1. The four segments of the stator were matched and the frames 
welded. 

2. Coil slots were insulated and the remaining 16 coils on each 
segment were hung and pegged. 

3. Connecting rings were placed and insulated and the coils 
connected. 

4. Each field-erected section of coils was tested at 32,000 volts 
for insulation breaks. 

5. Field-erected coils were dried out by heating with a welding 
machine at 10 volts and 600 amperes direct current. 

6. Resistance of each phase to ground was checked. 

Mechanical assembly . — Except for miscellaneous instrument instal- 
lations, the remainder of the field assembly was of a mechanical 
nature. After the stators and rotors were completed, the associated 
parts were placed in the pit, and the proper adjustments made to 
bring the unit into operating condition. The field procedure to com- 
plete the generator assembly and make connections to the turbine 
was as follows : 

1. The lower bracket which had been shipped to the job with the 
arms dismantled from the hub was assembled and placed in the pit 
on the sole plates. 

2. The thrust bearing runner was attached to tlie upper part of 
the shaft and the assembly placed in the pit with the shaft resting 
on the turbine shaft (see fig. 58) . 

3. The two halves of the thrust bearing stator were placed around 
the shaft and jacked into position for bolting to the lower bracket. 

4. By means of the thrust bearing screw jacks, the shaft was lifted 
to the proper elevation and line. 

5. The stator was then lined up with the shaft and the two shafts 
coupled together with, four bolts to lift the runner and shaft into 
final position before completing the shaft connection. 

6. Both shafts were checked ror trueness and were centered in the 
turbine guide bearing. 

. 7 - Tte shaft w ms checked for plumb and centering before plac- 
ing the rotor. 

This completed the assembly with the exception of placing the 
upper bracket, exciters, coolers, and ventilating housing. 
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Field tests . — The generator contract specified that certain tests 
were to be made after the two generators were completely erected. 
These tests are described in chapter 3 and the results are given in 
appendix F. 

Penstock trashraeks. 

A decision was reached, before concreting was started in the blocks 
of the dam in which the trashraeks are located, to carry the concrete 
for the dam up ahead of that for the trashraeks. This decision was 
made because it was necessary to carry the concrete to the necessary 
height as rapidly as possible for installation of the penstocks so that 
the penstock contractor would not be delayed. Also, the la rare 
amount of formwork and reinforcing steel in the trashraeks would 
have slowed up pouring in blocks 34 and 35 if the trashrack struc- 
tures had been poured monolithically with the dam. Also, it was 
easier to hold the trashrack forms to line and grade after the main 
structure was completed. It was necessary to build an auxiliary cof- 
ferdam arm tying the upper arm of cofferdam Iso. 1 to block 38 in 
order to unwater the area where the trashraeks were to be built. The 
necessary excavation for the trashrack structures was also completed 
after the unwatering of the auxiliary cofferdam. 

Forms . — Forms for the trashrack structures were fabricated in 
the carpenter shop. Each beam form was built in one piece and cut 
into eight sections at the points which represented the center line 
of columns. Column forms were fabricated in approximately 
12-foot lengths. The entire form was assembled in the field. 

Lagging for prefabricated forms consisted of 1%-Ineh S4S No. 2 
matched pine. Bracing for form erection was based on the judg- 
ment of the carpenter foreman in charge. Special care was exer- 
cised in building the beam and column forms to make certain that 
the finished surface of the lagging conformed as nearly as possible 
to the neat lines of the structure. This was accomplished by cut- 
ting the lagging to very narrow widths in order to approximate 
the neat lines of very short radius curves. No attempt, however, 
was made to finish the surface of the lagging to true curved lines; 
and as a result, these became a series of very short chords in the 
finished form and structure. 

The general features of form erection and concreting were carried 
out in the following order : 

1. After completion of the base of a trashrack structure, the first 
set of column forms was placed to line and grade and the top of 
each form cut in place to fit the first beam form. 

2. Beam forms were then placed to line and grade and the rein- 
forcing steel placed for the columns but not for the beams. 

3. The columns were poured to a point coincident roughly with 
the lowest point of the beam and column intersection. 

4. Beam reinforcing and anchor bolts for the trashrack steel were 
then placed and the beam concrete was poured. A space at the top 
of each beam form about 18 inches wide was left unlagged, through 
which the beam concrete was placed. 

Following these steps, another set of column forms was erected 
and the process outlined above repeated for each succeeding set of 
columns and beams. Scaffolding was carried up inside the trash- 
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rack. Platforms from which the forms, reinforcing steel, and con- 
crete were placed were provided at approximately the elevation 
of the center line of each set of beams. Reinforcing steel for the 
columns was assembled before placing on these platforms. 

Concrete . — A concrete containing 1^4-inch maximum size aggre- 
gate with 1.70 barrels of cement per cubic yard and water-cement 
ratio of 0.50 by weight was used in the trashrack structures. It was 
handled by cableway to the forms in the round controllable dump 
bucket and consolidated, using both electric and air vibrators. Since 
this concrete was poured during extremely cold weather of the 
winter of 1935-36, it was necessary to provide a heating plant in 
order to protect the concrete from freezing in the thin sections com- 
posing the structure. The heating plant consisted of a vertical steam 
boiler located on the east bank of the river upstream from the dam, 
and a system of perforated pipes arranged around the trashrack 
structures. A swinging walkway was provided to give access to 
the structures from the boiler, and this walkway also supported the 
steam line of the perforated pipe system. 

Metalwork . — The metalwork, which included the guides, anchor 
bolts, and racks for the trashrack structures, was furnished by 
A. J. O'Leary & Sons Co. The erection and installation was done 
by the Authority's forces. Prior to installation, the racks w.ere hot- 
dipped in a bath of ‘‘Ovarco*' hot-dip asphalt in a specially built 
steel tank at the railroad siding at Coal Creek. 

Progress . — Construction of the trashrack structures was started 
in mid-December 1931 when excavation for the base slabs was begun. 
This excavation required about 1 week. The first concrete pour was 
made in February 1935 and concreting was completed for both units 
by the end of Aiigust 1935. The structures were completed by mid- 
September with the installation of the guide beams and steel trash- 
rack bars. 

Penstock transition section. 

The upstream section of each penstock, beginning at the upstream 
face of the dam and extending downstream to the steel pipe, includes 
a transition section from a rectangular opening 16 feet 6 inches by 
28 feet 6 inches at the upstream end to a circular opening 20 feet in 
diameter at the beginning of the steel lining. Forms for the transi- 
tion section, except the ribs , were built in place. Ribs were built in 
the carpenter shop in two pieces so that the lower half could be 
erected and lagged and concrete poured around the lower half of 
the penstock. The top half was then erected and lagged before 
placing the remaining concrete around the top of the penstock. Lag- 
ging consisted of one layer of tongue-and-groove flooring. Ribs were 
closely spaced so that thin material could be used since it was neces- 
sary to bend the lagging to conform to the curved lines of the transi- 
tion. The inside surface of the forms was sanded to remove all 
rough edges in order to produce as smooth a concrete surface as 
possible. 

Gate groove ®. — Anchor bolts were provided and suitable recesses 
were made in the concrete adjacent to and just upstream from the 
upstream end of the transition section to accommodate the installation 
m gate seats, guides, and seals necessary for the proper functioning 



davi axd powKiiHnrw-: eoxsxrtrcTiox 


453 


of the gates. The tractor gate slots and the bulkhead gate guides 
were anchored in two concrete columns which are monolithic with 
the darn up to the top of the trashruck structure proper. Above the 
t rashrack structure the gate slot was formed by the gate well walls. 
The bulkhead gate guide.- extend only 10 feet above the top of the 
trash rack structure. 

The original plans called for a structural frame to support the 
tractor gate seats and guides during erection and concreting. The 
steel template idea was abandoned and in its stead the seats and 
guides were held rigidly by means of the anchor bolts while being 
aligned and grouted into place. Suitable grooves were left in the 
mass concrete to receive the cast steel frames. The anchor bolts 
which served as tension and jacking holts were accurately set in the 



Figure 214. — Tractor gate erection. 

mass concrete to hold the seats and guides and to aid in final align- 
ment just prior to grouting. The results vindicated this procedure 
as the seats are true to position within O.CK>0 inch in their height of 
about 28 feet. A saving of approximately $7,500 resulted. 

Concrete . — Because the transition section and gate box columns 
were heavily reinforced, and it was necessary to use a concrete mix 
having a maximum size aggregate of l\-2 inches, concrete having a 
very high strength was used. It contained 1.70 barrels of cement 
per cubic yard and had a water-cement ratio of 0.50 by weight. 

Tractor gates. 

The delivery date on the penstock gates was considerably later than 
the scheduled date for final closure of the dam on account of the delay 
in deciding which type of gates should be used. In order to provide 
for this contingency, a set of timber stop logs to extend to elevation 
880 was provided and installed on the upstream side of each tractor 
gate area in the bulkhead guide grooves. It was contemplated that 
the impounded waters would possibly reach an elevation higher than 
880; and, to prevent flow of water into the powerhouse area through 
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tlie penstock in case the stop logs were overtopped, a bulkhead 
was built in each penstock. The stop logs and bulkheads were’ 
ax'ranged so that the gate area would be accessible to workmen for 
installation of the guides, tracks, seats, and seals, and also for check- 
ing operation of the gates before putting them into service. After 
the gates were erected, the temporary stop logs were removed and, 
with the gate in place, the bulkheads in the penstocks were dis- 
mantled and the material removed through the manhole in the scroll 
cases. 

Gdte assembly . — The gates were shipped by rail to the Coal Creek 
unloading yard. Each gate was composed of 4,507 principal parts, 
but they were shipped to the job in as few pieces as practical to reduce 
the amount of field assembly work. The handling capacity of a 
single cableway was a major consideration in determining the maxi- 
mum size pieces that could he assembled for shipment. The largest 
single piece to be handled, as partly assembled m the shop, was the 
lower leaf section, which weighed approximately 41,000 pounds. 
Each gate was received on the job in 49 pieces, exclusive of 82 trun- 
nion shaft shims and the additional nuts, bolts, and screws necessary 
for assembly. 

The* gate for the west penstock was assembled on top of the west 
intake trashrack structure. The two resting beams, which. were later 
installed at the top of the gate well on which the gate rests when in 
a raised position, were placed on top of the trashrack and utilized 
as %l temporary assembly platform- Gate assembly proceeded in the 
following manner: 

1. Two end plate stiff eAers were bolted to the lower gate leaf 
section which had been placed on the assembly platform. They pro- 
vided guides which facilitated setting the center and top gate leaves 
which were thenjplaced on top of the lower gate leaf and bolted to 
the end plate stiffeners. 

2. The upper arid lower roller brackets to which the carriage shoes 
bad been assembled were fastened to the gate leaves. By means of 
the roller brackets, the gate leaves were lined up with the roller 
bracket assembly holts tightened to hold the leaves in line. 

8. The tie bar and splice plates were assembled to the lower gate 
leaves, taking special care to keep the gate leaves in alignment. All 
bolts in the entire assembly up to this point were tightened. 

4. The cross-head assembly was placed and blocked to the approxi- 
mate position which it would assume with the gate in the raised 
position. 

5. All wedge roller assemblies were hung in place, the adjusting 
blocks bolted to the upper roller brackets and the chain anchor tem- 
porarily wired to the quadruple roller chains. 

6. The roller carriage assemblies, without the rollers, were hung 
in place on the cross-head trunnion shaft. 

7. TPhth the roller carriages in place, the wedge roller assemblies 
were attached to the roller carriages by means of the chain anchor 
which had been wired previously to the quadruple roller chains to 
bold the wedge roller assembly in temporary position. 

_ & Ckrriage roller assemblies were then placed on the roller car- 
**»&fPB* and the ends of the roller assemblies connected to make the 
warns cswriage- 
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0. All roller carriage guides were assembled and bolted. 

10. The vertical gate seats to the gate leaves were assembled and 
the assembly screws tightened before the upper and lower roller 
guards were assembled to the cross-head bousing and roller carriages, 
respectively. 

After die hoists were in place, the top cover plates were removed 
from the cross-head assembly to facilitate lacing the hoisting cable 
around the walking beam sheaves. 

The gate which closes the east penstock was assembled on top of the 
gate well of the intake structure for this penstock. A temporary 
assembly platform similar to the one used for the west penstock gate 
was utilized and the same procedure was followed on both gates 
except that the carriage shoes which were shop assembled to the 
roller brackets for the west gate were assembled in the field for the 
east gate. 

Excellent progress was made in tractor gate erection. The first 
shipment of the west gate was received on January 21, 1936, and 
assembly of the complete unit finished by February 6. Assembly of 
the east gate was completed between February 13 and 25, 1936. 

Tractor gate hoists. 

Each tractor gate hoist was shipped completely assembled except 
for the hoisting ropes, foundation bolts, selsyn transmitter, and some 
miscellaneous small items. The first hoist was partly dismantled as it 
was unloaded from the car and loaded onto the float trailer for trans- 
fer to the job. To facilitate handling of the frame and motors, the 
drums and ring gear assembly, with the drum bearings attached, were 
removed from the hoist frame. The second hoist, completely assem- 
bled, was loaded onto the trailer and was handled by two cableways by 
use of a lifting beam to the top of the dam. It was then dismantled 
because the available space for placing the hoist was so restricted it 
could not be placed when completely assembled. 

On January 15, 1936, the first gate hoist was received and erection 
was started over the west intake on January 18. Erection was com- 
pleted on February 6. Erection of the second unit was started on 
February 19 and was ready for operation by February 25. Final ad- 
justment of the first unit was completed February IT and of the second 
unit on March 1, 1936. 

RESERVOIR CONTROL 

Spillway apron. 

Apron concrete was poured in blocks generally 28 feet wide and 55 
feet long with alternate block lines corresponding with the block lines 
of the gravity section of the dam. However, the downstream blocks 
which were 50 feet long, and the east row of blocks which were poured 
monolithic with the base of the training wall deviated from the gen- 
eral plan. Forms for apron concrete were built in place with 2-inch 
lagging and 2- by 10-inch studs backed by 6- by 8 -inch and 8- by 
8-inch wales. 

The apron was made of spillway face concrete containing 1.20 barrels 
of cement per cubic yard, water-cement ratio of 0.56 by weight, and 
6-inch maximum size aggregate. In the sill it was necessary at times 
to use concrete containing 1 14-inch maximum size aggregate with 1.50 
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barrels of cement per cubic yard and a water-cement ratio of 0.55 hy 
weight in order to facilitate "finishing. Finishing was done by screed- 
mg and wooden troweling of all rough spots. 

Oravity training waD. 

Five blocks made up the gravity training wall ; three were 55 feet 
long, one was 50 feet long, and the fifth, which connected the gravity 
Avail with the west bank, was approximately 40 feet in length. Con- 
crete was placed generally in 5-foot lifts, with the tops of the lifts 
slightly sloping to facilitate cleaning. At the bottom of the wall, due 
to foundation irregularities, lifts were varied in thickness. Forms 
for this concrete were all built in place, using 2-inch lagging with 2- 
bv 10-inch studs placed vertically, and 6- by 8-inch wales. 



Figure 215 . — Apron concreting operations 


On the extreme sides and top, spillway face concrete -was used con- 
taining 1-20 barrels of cement per cubic yard, with 6-inch maximum 
size aggregate and a water-cerment ratio of 0.56 by weight. The re- 
mainder of the wall was face concrete containing 1.10 barrels of cement 
per cubic yard, 6-inch maximum size aggregate, and a water-cement 
ratio of 0.58 by weight. Some reinforced mixed concrete with 1.50 
barrels of cement per cubic yard, 1 ^ 2 -inch maximum size aggregate, and 
a water-cement ratio of 0.55 by weight was used at the top to facilitate 
mushing. Finishing was done in the same manner as for apron 
concrete. ^ 

Cantilever training wall. 

Three blocks, 38 feet, 55 feet, and 50 feet long, respectively, made up 
the cantilever training wall. Forms were similar in design to those 
used on the gravity wall. Lifts were 9 feet 6 inches deep although 
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the base of the wall was poured in lifts varying in thickness depend- 
ing on the nature of the foundation — the thickest lift being approxi- 
mately 1*2 feet deep. A reinforced mixed concrete containing 1.-50 
1 .»ar re Is of cement per cubic yard. Id^-ineh maximum size aggregate, 
and a water-cement ratio of 6.55 by weight was u>ed throughout. 

Sloping training walls. 

The two spillway training walls, which extend up the face of the 
dam. are identical, being 5 feet thick at the outer extremity and 8 
feet thick at the base or at the point where the walls are coincident 
with the downstream face of the spillway. Both were poured mono- 
lithic with blocks of the dam. Forms were built in place and carried 
up with the forms for these blocks. They presented an unusual form- 
ing problem since the slope on each side "of the walls is perpendicular 
to the sloping face of the dam and the depth of the wall increases 
from top to bottom, resulting in a slightly warped surface. In order 
to produce the desired neat line, the forms were built with *2 -inch 
lagging placed horizontally, 2- by 8-inch studs placed jterpendieular 
to the top slope of the training wall, and 6- by 8-inch wales placed 
perpendicular to the studs. All pours were made in 5-foot lifts. The 
reinforced concrete mix containing 1.50 barrels of cement per cubic 
yard was used with 114-inch maximum size aggregate and a water- 
cement ratio of 0.55 by vreiglit. 

Drum gate erection. 

The 3 drum gates were fabricated in the shops of the Virginia 
Bridge & Iron Co. Intermediate skin plates were fabricated in 
sections 84 inches wide, each section being riveted to 3 girders, 2 of 
which were intermediate girders and the third a common girder for 
joining 2 adjacent sections of skin plate. There were 36 of these 
complete] v fabricated intermediate skin plate sections for each gate — 
12 each for the upstream, downstream, and bottom sections. End 
skin plates were fabricated in sections 9214 inches long and riveted 
to the girder common to the end skin plate and the adjacent inter- 
mediate skin plate section. Thus, there were 6 end skin plate sec- 
tions for each gate, consisting of 1 right and 1 left end set for the 
upstream, downstream, and bottom sections. The end skin plate 
sections are reinforced with %-inch plates 44 inches wide, which 
extend from the first standard girder to and under the end bulkhead 
assembly. These plates were included in the end skin plate assem- 
blies as" fabricated in the shop. Both end assemblies for each gate 
were cut and punched in the shop, but the only other shop fabrica- 
tion on the end assemblies consisted of riveting the gusset plates to 
the main framing ship channels and to some of the angles and 
cross-bracing girders. The remaining parts of each gate which 
included the seals and seats were fabricated in the contractor’s shops 
and assembled in the field. 

Field erection. — Shop-fabricated pieces for the drum gates were 
shipped by rail to Coal Creek and there loaded on rented trucks for 
transfer to the dam. A steel stiff-leg derrick on top of block 47 was 
used by the contractor to unload the trucks. Material was placed 
on top of the dam and was handled into place for erection by 
cableway. 
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Gate erection was handled entirely by the contractor except that 
the anchor bolts for the hinge anchor and gate seat castings were 
placed by the Authority. The gates were assembled in the raised 
position supported on heavy scaffolding over the gate wells. Nor- 
mal procedure for assembly was as follows: 

1. Gate seat castings and hinge anchor castings were set to line and 
grade, and grouted. 

2. Heavy scaffolding was built in the gate well to support the gate 
in the raised position during assembly. 

3. Bottom, intermediate, and end skin plate sections were placed on 
scaffolding, gate hinges were assembled to hinge anchors and adja- 
cent skin plate sections bolted together at an unriveted joint or a 
common girder. 



Figure 216 . — Drum gate erection . 


4. Intermediate upstream and downstream skin plate sections were 
placed and bolted. 

5. End assembly was placed and bolted. 

6. End upstream and downstream skin plate sections were placed 
and bolted. 

Each gate was completely assembled except for minor details before 
riveting was started. Approximately 10,400 field rivets were required 
in the assembly of each gate, of which about 3 percent were rejected, 
cut out, and redriven. Several difficulties arose during the driving 
of the rivets which had not been anticipated by the detailer or by the 
contractor during fabrication. In all cases a satisfactory agreement 
was reached between the Authority and the contractor and the con- 
tingency was corrected. The following is an outline of the correc- 
tive measures applied: 

Gate No. 1 (east gate) 

I- It was impossible to drive 14 rivets specified for each of the 
web plates at the ends of the gate because of ins uffi cient room. 

achine boles were substituted and the nuts were welded to the bolts 
and plate. 
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2. It was impossible to drive two downstream rivets in each of 
the connections between the upstream and downstream skin plate 
girders. Machine bolts were fitted and the nuts welded to the bolts. 

3. It was impossible to drive rivets for a connecting angle between 
two bracing girders at each end of the gate because of insufficient 
room. Machine bolts were substituted and the nuts welded to the 
bolts. 

4. The holes for the connecting rivets for attaching the radial 
bracing to the ends of the gate were drilled in the field. Only about 
half of the rivets could be driven and the remaining holes were 
welded shut and the brackets welded to the plates as a substitute for 
the rivets omitted. 

Gate No. 2 (middle gate) 

1. The situation which arose on gate No. 1 in regard to the %-inch 
web plates at each end of the gate was identical on the other gates 
except that on gates Nos. 2 and 3 the plates were riveted to the hold- 
ing angles and 2- by %-inch bars were tapped for countersunk tap 
bolts and welded on to the angles for attaching the %>-inch end seat 
plates. 

2. It was necessary to fillet weld at one intermediate girder where 
the girder and downstream skin plate were not properly drawn up 
before riveting. 

3. Same as item 2 gate No. 1 . 

4. Same as item 3 gate No. 1. 

5. Same as item 4 gate No. 1. 

Gate No. 3 (west gate) 

1. The radial bracing at each end was welded to the plates in lieu 
of riveting due to the trouble encountered in riveting gates Nos. 1 
and 2. 

2. Three shop rivets were cut out on the third bottom skin plate 
joint from each end of the gate next to the comer where upstream 
and bottom skin plates join in making the two slip joints for length- 
ening the gate. 

3. Same is item 1 gate No. 2. 

4. Same as item 2 gate No. 1. 

5. The two slip joints left for the purpose of lengthening the gate 
were left unriveted until all of the other skin plate joints were caulk 
welded and then the holes were reamed for %-inch instead of %-inch 
rivets, and riveted. 

The caulk welding was subcontracted by Virginia Bridge & Iron 
Co. to Welding Engineers Inc. Skin plate joints were electric arc 
welded and the downstream skin plate joint welds were ground flush 
with the surface of the plates. All welds were carefully peened in 
order to avoid distortion of plates or loosening of rivets in adjacent 
areas. A caulk weld was specified at each end of each gate where 
the %-inch end plate and the %-inch reinforcing plate on top of the 
bottom skin plate intersect. It was found impossible to make this 
weld because of insufficient working room, and two caulk welds were 
made on the opposite side where the 6-inch ship channel is adjacent 
to these two plates. 
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All welding was done in accordance with the recommendation of 
die American Bureau of Welding. 21 Inspection of the erection of 
the gates for the Authority was handled by one man who reported to 
the field engineer. 

Gate length change . — A shortening of the gates during assembly 
was discovered after gate No. 1 (east gate) was completely assembled 
and was being checked for leaks in the drum. The gate was found 
to be almost 1 inch shorter than the specified length although at the 
time when the gate was completely assembled and bolted up prior to 
riveting, the gate was checked and found to be almost exactly the 
right length. 

When this condition was first observed, gate No. 2 was completely 
bolted up, and riveting and welding were in progress; however, the 
gate hinge anchors had not been grouted. It showed a shortening 
of 'vie inch at this time. Gate No. 3 was bolted up completely and 
riveting had just been started. Although the length was approxi- 
mately correct at this time, it was evident that it would also shorten. 
No thoroughly acceptable explanation was ever offered as to why the 
gates shortened, although the welding of the skin plates may have 
been responsible. 

This shortening tended to shift the gate hinges with respect to the 
hinge anchors and cause binding at one side of each hinge. In gate 
No. 1 it was impossible to shift the hinge anchors so the contractor 
agreed to saw the hubs on the anchors enough on the close side to give 
acceptable clearances. In gate No. 2 the anchors had not been grouted 
and it was possible to shift some of them, and others were sawed to 
give proper clearance. Two joints were left unriveted in gate No. 3- 
until all other joints had been riveted and welded. Then the gate was 
jacked to proper length and the upstream and bottom skin plates at 
these two joints were reamed for %-inch rivets. These holes had 
originally been punched for % -inch rivets. The downstream skin 
plate was redrilled between the original holes and the original holes 
welded shut. Both joints were finally riveted and welded, and when 
completed the clearance between the hinge and hinge anchor jaws was 
fairly uniform and the 70° F. length was 99 feet 7% inches, or ap- 
proximately 1% inches short of the designed gate length of 99 feet 
by 2 inches (clearance between piers 100 feet 0 inch, =ty 8 inch). 

Inside surfaces of the drum gates were painted with one coat of 
bitumastic priming solution followed by one coat of regular bitumas- 
tic enamel. Both the bottom and upstream skin plates on the outside 
of the gates were painted with one coat of outdoor bitumastic priming 
solution and one coat of outdoor bitumastic enamel. Downstream skin 
plate were painted with one coat of regular priming solution only, 
but action of the gate seat seal scraping against the plate has removed 
most of this and it will be necessary to repaint the gates at regular 
intervals The painting was done on the job by TV A forces. 

Progress . — Gate erection was started on December 16, 1935, with 
the arrival of equipment and supplies. The first gate seat casting 
was placed on December 17 for the east gate and erection of that gate 
completed on February 26, 1936. The entire job was finished on April 
1% ISM. The installed weight of the three gates was 1,279,412 
pounds, including hinge and seat anchors and anchor bolts. 

31 Report of the American Bureau of Welding, Structural Steel W elding Committee. 
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Outlet works. 

T t'o*hrach *. — Forms for the trasli rack structures were built in place, 
largely from material that had been cut to .4 ze in tlie carpenter shop. 
Each lift was 1*2 feet C inches high and included one set of columns 
and the beams at the top of these columns. Normal procedure was to 
place column reinforcing 1 prior to erection of the four panel forms 
making up each column. This step was followed by erection of the 
beam forms. Scaffolds with landings at the bottom of each beam were 
carried up inside the structure. The>e supported the bottom beam 
forms and served as working levels from which forms were erected 
and concrete poured. 



Figure 217 . — T rash rack construction. 

Concrete was poured in two lifts. First, the columns were poured, 
and after a period of several days the beams were poured. Reinforc- 
ing steel for the beams and anchor bolts for the trashrack grilles were 
placed prior to pouring beam concrete. The majority of tlie concrete 
was placed using the round controllable bottom dump bucket. Indi- 
vidual chutes were built to direct the concrete into the column forms. 
A dumping platform was provided at the head of the chutes and the 
concrete was delivered to the forms in 3-cubic-yard batches. A part 
of each bucket was divided between several columns. In block 39 a 
hopper and concrete buggies were used on several pours before the 
round controllable dump bucket was purchased. The base mat under 
each trashrack was poured of face mixed concrete with 6-inch maxi- 
mum size aggregate, 1.10 barrels of cement per cubic yard and a 
water -cement ratio of 0.58 by weight. A mix containing 1.50 barrels 
of cement per cubic yard, l*4-inch maximum size aggregate, and a 
water-cement ratio ox 0-55 by weight was used for the rest of the 
structure. As much as 200 pounds of cement per 3-cubic-yard batch 
was added at times to improve workability. 
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Bellmouth sections .— The original design for the inlet end of the 
discharge tubes utilized a rectangular opening in a vertical plane at 
the face of the dam. This opening was changed to one utilizing a 
bellmouth -shaped entrance. This change was made necessary since 
the entrances at Madden Dam of identical design had eroded. At 
the time when the revised entrance was agreed upon by the 
Authority, three of the blocks containing outlet conduits had 
been poured to levels considerably above the tubes and the entrances 
had been completed according to the first design. It was therefore 
necessary to chip away some of the concrete already in place and 
grout iii dowels to anchor the bellmouth concrete to the structure. 
The fourth block was poured according to the revised plan. 

Ribs for the bellmouth forms were fabricated in the carpenter 
shop of two 2- by 10-inch timbers lagged together and match marked 
for ready assembly in the field. The lagging which was 1- by 4-inch 
tongue-and'groove flooring was placed in the field after the ribs 
had been assembled and matched. In the three blocks which had 
been poured before it was decided to add the bellmouths, the concrete 
was poured in three lifts. The first lift included the bottom lip 
of the bellmouth, the center pier, and the two outside lips for ap- 
proximately 2 feet above the floor of the tubes. The bottom lip 
for this pour was completely formed except for a space about 4 feet 
wide at the top, where lagging was omitted to permit access into 
the form for vibrating. This surface was finished by screeding. 
Both outside lips and the center pier up to the bottom of the top lip 
were included in the second lift. The remainder of the two outside 
lips, center pier, and the top lip made up the last lift. A space 
about BO inches wide at the top of the top lip was left unlagged 
to allow access for vibrating the concrete. In block B8 the bell- 
mouth was poured monolithic with the dam. 

Outlet conduits . — Forms for the concrete section of the discharge 
tubes were built in place as concreting in the blocks containing the 
tubes progressed. Ribs were built in place of 2- by 10-inch lumber 
with the vertical members composed of two boards lagged together, 
and the top and bottom horizontal members composed of single 
pieces. These ribs were spaced on about 2-foot centers, and additional 
rigidity for the vertical members was obtained by using 6- by 8- 
inch wales. The lagging was composed of 2- by 8-inch tongue-and- 
groove lumber on all interior faces, except for about 35 feet down- 
stream from the end of the liners, where the floor was not formed. 
Reinforcing steel was composed largely of straight bars except that at 
the upstream end around the lined portions of the tubes matched 
braced bars in two sections completely encircled the tubes. A part 
of the bottom set of these bars was placed in the piers poured to 
support the lining casting during assembly and lining up. The 
straight steel was placed in mats as the forms progressed. 

Immediately adjacent to the reinforcing steel around the conduits, 
concrete containing 1.70 barrels of cement per cubic yard and 1*4~ 
inch maximum size aggregate with a water-cement ratio of 0.50 by 
weight was used. The same mix was used in the concrete for the 
bellmouths which were added in blocks 39, 41, and 42, and also in 
block 38 where the bellmouth was poured monolithic with the dam. 
In th© bellmouths for the conduits in blocks 39, 41, and 42, as much 
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us 200 pounds of extra cement per 3 -cubic-yard batch was added to 
increase workability. Special care was exercised to prevent feather- 
edged joints where tops of 5-foot lifts intersected the top and bottom 
of the outlet conduits. Bulkheads 10 inches high placed normal to 
the conduit form at these points served to produce a joint perpendic- 
ular to the neat line of the conduit concrete. 

Interior surfaces of the conduits were not finished according to 
any set plan, except for that portion in each conduit upstream from 
the liners. In general, the small irregularities were filled with 
Ironite 22 cement mortar, and after it had hardened all surfaces were 
given two coats of thinned water-gas tar and one coat of coal tar 
applied hot. In the. tubes of block 38, the first Ironite patches were 
apparently painted over before the paint hardened, and these patches 
had to be chipped out and replaced. Surfaces downstream from 
the lined portion were not treated according to any definite plan, and 
new ideas were tried out as the work progressed. " In most tubes the 
surfaces were smoothed by grinding high spots. Where honeycomb 
occurred, the area was chipped out and patched. 

In the west tube of block 41 a space 9 feet long and 5 feet high on 
the east wall was treated with Gar Kern. 23 This area, which had 
previously been gunited and ground smooth, was wind brushed on the 
lower half and the upper half lightly rubbed with a carborundum 
brick. Two coats of Gar Kem were "applied, the second about 1% 
hours after the first. 

Conduit limners . — The linings for the outlet conduits were furnished 
by the Hardie-Tynes Manufacturing Co. of Birmingham, Ala., on 
the same contract with the slide gates. Each tube lining was made 
up of 24 separate castings which matched to form 12 sections of 
lining. Each was 4 feet long, making a total of 48 feet of lining. 
Four of the 12 sections form the upstream and downstream frames 
respectively for the 2 gates. 

All parts were shipped to the Coal Creek unloading yard by rail 
in completely assembled sections of lining 8 feet long. Pieces were 
unloaded onto heavy-duty trailers for transporting to the job. A 
single cableway handled the sections to approximate final position 
in the dam. Concrete piers 6 feet long by 15 to 18 inches wide were 
poured to support the lining in final position and during concreting. 
Twelve such piers were poured for each conduit lining, thus afford- 
ing two piers for each 8-foot section of lining. The entire lining 
for each tube was assembled, bolted, and shimmed to final line and 
grade before concreting started. Completed linings were held in 
place during concreting by turnbuckles anchored in the concrete. 
Erection was handled by the regular job rigger forces of the 
Authority. 

Slide gates . 2 * ** — Embedded parts of the gates which included, besides 
the linings, the bonnet, bypass piping, and air inlet piping were in- 
stalled as concreting progressed. Each gate bonnet, cast in four 
pieces, was shipped to the job in two sections. These were assembled 
in the field to make the completed bonnet. The remainder of the 
assembly which included the gate leaf; the hoist assembly composed 

• Noaa-storinlciiig cement composed of portland cerrent and Iron oxicte. 

“■ Protective iron oxide paint. ^ 

** Specifications for tbe Norris si Me gates are included in appendix G. 
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of the cylinder, piston, cylinder head, gate stem and bonnet cover; 
the steni extension: and the gate sills were shipped to the job unas- 
sembled. Leaf seats, frame seats, and bonnet seats were assembled 
to their respective castings in the manufacturer’s plant. The pro- 
cedure followed in assembling the moving and nonembedded parts of 
a gate were as follows: 

1. Gate sill installed. 

2. Gate leaf lowered into place. 

3. Gate hoist assembly placed and assembled to bonnet. This 
assembly was received on the job in the assembled condition. The 
lower leaf nut was attached to the gate stem when received and was 
removed before the assembly was set to allow the gate stem to be 



Figure 218 . — Linings in place with formwork, for downstream concrete. 


lowered into a connecting position with the leaf. The bonnet cover 
was completely equipped with packing glands, packing gland seats, 
oil packing, and water packing. 

4. Cylinder head removed, valve stem extension placed, and cylin- 
der head replaced. 

5. Piston lowered to allow connection of gate stem to leaf. With 
gate stem in position, the low T er leaf nut was placed, connecting the 
gate stem to leaf. 

6. Gate seat babbitt fitted to bottom of leaf by scraping babbitt 
for full surface contact between bottom of leaf and sill babbitt. 

The remainder of the assembly consisted of installing the oil piping 
and controls, oil pump, oil reservoir, and air vent piping. At the 
time when the gate hoist assemblies were brought into the operating 
chambers, the concrete in blocks 40 and 43 was below the elevation 
of the 880 gallery. The hoists were handled by cableway through 
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the open end of the 880 gallery in either block 4:0 or 43 depending on 
which was nearer to the chamber in which the equipment was to be 
installed. 

A drum hoist located in the gallery was then used to pull the assem- 
blies into the gallery as the cableway lowered awav. This hoist was 
also utilized in setting the assemblies in final position. A temporary 
operating unit which included an oil pump on skids and temporary 
piping to the hoist was used for operation of the gates before the 
permanent oil piping and oil pump were installed. The gates were 
raised and lowered during erection by admitting air into the hoist 
cylinders through temporary pipes. Installation was handled by the 
regular job mechanical forces. 

Progress . — Assembly of the liners for the outlets in blocks 39, 41, 
and 42 was done between October 22, 1934, and February 4, 1935. 
Since block 38 served as a river diversion opening, erection of the 
liners for the four pairs of outlet conduits was delayed about 4 
months. These were assembled and concreting started on June 21, 
1935. Gate erection began in November 1934 and was completed 
before March 4, 1936, the date on which the gates were closed and 
the impounding of water started. Liners, gates, and bonnets for the 
eight outlets weighed approximately 2,030,490 pounds; and the oper- 
ating mechanism, including the gate stem, bonnet cover, and hoist 
weighed approximately 533,000 pounds, including 35,000 pounds of 
oil for operation. Erection of the liners and the installation of the 
mechanical equipment for the gates were handled respectively by the 
job riggers and job mechanical forces. 

SPILLWAY BRIDGE 

Steel for the spillway bridge was fabricated at the plant of the 
McClintic-Marshall Corporation in Chicago, 111., and shipped by rail 
to Coal Creek, Term. Girders were fabricated complete with gusset 
plates for lateral bracing connections and floor beam connecting 
angles attached but not completely riveted. The floor beams, stringers, 
diagonal bracing, expension joints, and other parts were fabricated 
separately. 

The size of the girders, particularly with regard to length, pre- 
sented a difficult handling problem. Each girder was 107 feet long, 
7 feet 1 inch deep, and weighed 40 tons. They were shipped in pairs, 
each pair being loaded on three railroad flat ears, and were trans- 
ferred to the heavy-duty float trailer by means of the special double 
A-frame tower built to span the railroad siding at Coal Creek. 
Girders were moved to the west end of the dam over the freeway 
and down the west side road past the mixing plant and out onto 
the concrete transfer trestle. From this position both cableways, 
working in tandem, picked up a single girder and moved it to its 
position on the spillway bridge. For this work, a lifting beam weigh- 
ing 6,800 pounds was used. It consisted of a 36-inch, 175-pound 
section I-beam, 29 feet 6% inches long. At either end of the lifting 
beam, 6- by 1-inch bars were set to catch the shackles from the cable - 
way fall block. At the beam center was hung a Ainch eyebolt with 
a nut swiveling on a roller hearing made of %-ineh hard steel balls. 
This swivel turned in a bolster which was clamped to the beam with 

1 r.5813 — 40 31 



4(50 


THE IN' ORRIS PROJECT 



four 2-inch rods. ^ In order to strengthen the beam against lateral 
deflection, four 1-inch rods formed a truss at the top and bottom 
flanges. 

As an aid to the signal man in keeping the beam level, a 30-inch 
pendulum and a target were attached near the center of the beam. 
One signal man controlled both cableways. It was. necessary to plug 
in his telephone at three different points during the travel of the 
load. About 4 hours were required to transfer the first girder, since 


FlGGBE 219. — i^lmctng girders for spillway bridge. 

some time was lost in checking the deflection of the main cables of 
tltee cableways and maneuvering the trailer on the concrete delivery 
treble. The remaining girders required approximately 2 hours each 
to place. 

Accepted practice and the specifications were followed in placing 
and riveting the steel. Hi vets were inspected by a member of the 
held engineers organization. A total of 4,806 steel rivets was driven, 
ed which about 4 percent were rejected, cut out, and redriven. The 
steel was Ipjon one shop coat of red lead except on machine-finish 
swtfaoes and those which would be in contact with concrete. After 
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the steel was erected and the concrete placed, all exposed steel was 
given one coat of aluminum paint after all field rivets and damaged 
surfaces had been given a patch coat of red lead. 

Concrete. 

Concrete for each bridge unit was poured in four lifts. First the 
roadway slab, second the two sidewalks, and third and fourth the 
girder encasement which formed the parapet walls. Parapet walls at 
the piers and abutments were poured independently of the bridge 
concrete. 

Bottom forms for the roadway slab were supported by a series of 
horizontal ribs, spaced on about 15-inch centers, built up of 2- by 
6-ineh lumber placed between the webs of adjacent stringers. Each 
end of the ribs was supported on the lower flange of the stringer 
beam by two vertical members, under which wedges -were placed to 
secure the ribs in place to proper grade. Lagging was oy 8-inch 
matched dressed lumber. Structural steel “end dams” served as ver- 
tical bulkheads at the ends of each bridge section; and two other 
bulkheads, one at each side of the roadway slab, completed the forms 
for the bridge deck concrete. Bridge deck concrete was composed 
of 114-inch maximum size aggregate, with 1.50 barrels of cement per 
cubic yard and a water-cement ratio of 0.55 by weight. The concrete 
for the east and center spans contained 200 pounds of extra cement 
per 3-cubic-yard batch while 400 pounds of extra cement per batch 
was added for west span concrete. The bridge deck was left about 
2 inches low and the surface rough screeded since it was to be sur- 
faced later with natural rock asphalt. 

After the bridge deck was completed, the sidewalks were poured 
with bottom forms similar to those for the bridge deck. A girder 
formed the side bulkhead on one side of each sidewalk, and a wooden 
bulkhead which rested on the bridge deck concrete confined the con- 
crete and formed the curb at the edge of the roadway 7 . The structural 
steel “end dams” formed the bulkheads at the ends of each bridge 
span. Concrete for the sidewalks was of the same mix as used for 
the roadway except that 100 pounds of cement per 3-cubic-yard batch 
was added to this mix. Sidewalk surfaces were given a wooden 
float “pulled” or “gander” finish. 

Parapet walls and girder encasements were poured in two lifts — 
the first including the bottom 5 feet 3V2 inches of the outside girder 
encasement. The second lift included the remainder of the outside 
and inside girder encasement and formed the parapet wall. 

Forms for the first lift were constructed from a scaffold suspended 
from the girders. This scaffold consisted of a walkway and railing 
supported on 6- by 6-inch oak stringers which were hung from 6- by 
8 -inch oak outriggers resting on top of the girders. Stringers were 
suspended outside the girder by %-ineh steel rods and inside of the 
girder by heavy twisted form wire. Outriggers were spaced about 
8 feet on centers and were braced on the inside of the girders to add 
rigidity to the set-up. 

The outside forms proper for the girder encasement were built up 
of 6- by 8-inch wales cm the 3-foot 6-inch centers, 2- by 8-inch studs 
on 15-inch centers and %-inch unmatched dressed lagging. Panels of 
studs and lagging were made up on the bridge deck m 8- foot lengths 
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and placed by hand. Wales and anchor bolts were placed after all 
panels in one section were in position. Anchor bolts for top and 
bottom wales were removable hook clamps secured to the top and 
bottom, girder cover plates. For the center wale, anchor bolts were 
spot welded to the girder web stiffeners. 

Inside parapet forms were made up of single panels built on the 
bridge deck and moved into place. These panels were made of 
inch-thick matched tongue-and-groove flooring, placed on a layer of 
2-inch dressed lumber. The lagging was placed horizontally on ver- 
tical studs, and the whole panel was constructed to conform to the 
camber of the bridge girders. Bracing was obtained by means of 
6- by 8-inch struts between the top and bottom of panels and a sill 
on the roadway surface held in place by dowels in the roadway con- 
crete. Alternate struts were placed at the bottom and top of the 
panel. Wooden spacer struts on the inside of the panel between the 
form and bridge girder were removed as concrete was placed. Forms 
were carefully scraped and sawed to remove all irregularities so that 
no perceptible form marks would appear on the finished concrete. 

Concrete was delivered to the forms in the square controllable dump 
bucket in 2%- and l^i-cubic-yard batches and consisted of %-inch 
maximum size aggregate, 1.70 barrels of cement per cubic yard, and 
a water-cement ratio of 0.55 by weight with 100 pounds of cement per 
cubic yard added at times to improve the workability of the mix. 
Because of the small clearances between the forms and the structural 
steel and the limited space through which to place the concrete in the 
forms, particularly on the outside of the girder, considerable grout 
was also used. It was composed of coarse sand as the maximum size 
aggregate, and contained approximately 2.80 barrels of cement per 
cubic yard with a water-cement ratio of 0.53 by weight. The top of 
the parapet was given a wooden trowel finish after screeding to proper 
shape. 

The parapets at the abutments and two spillway piers were poured 
separately from the bridge parapets. These forms were built in place 
using the same type of material as for the other parapet walls. Cir- 
cular ribs for the upstream pier parapet walls were fabricated in the 
carpenter shop and the ribs were used horizontally with vertical 2- 
inch dressed lagging and 6- by 8-inch wales. Downstream pier para- 
pet forms were straight and were built in place. Concrete for the 
pier parapets was of the same mix as used for the bridge parapet 
walls. 

ROADWAYS 

In the nonoverflow sections, the upstream face of the d am was 
formed with the regular upstream panel forms to elevation 1,055. 
Above this point the parapet walls were formed with vertical built- 
in-place forms offset 7 inches from the upstream face. For the 
downstream face the regular sloping panel forms were used to eleva- 
tion 1,034.42. From this point to elevation 1,053, vertical forms were 
built m place of 2- by 8-inch studs on 15-inch centers, 6- by 8-inch 
wales on 2-foot 0-inch centers and 2-inch dressed lagging. A special 
cantilever form was constructed for the concrete above elevation 
An 8-inch step had previously been formed at elevation 1,033.5 
for, the entire length of both abutment sections to provide a support- 
ing seat for these cantilever forms. 
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Forming of the cantilever section above elevation 1 .053 presented 
a difficult problem, and after considerable study the special canti- 
lever form was designed. Four 30-foot form sections, or two sets, 
were built. Each form weighed 15 tons and was similar except that 
the two in each set were so constructed that they mated at the center 
line of a block and permitted forming even the longest blocks by two 
sections. A single cableway was used for each section during the 
setting and moving from one point of use to another. A four-way 
sling was devised to facilitate handling. The following steps were 
required to remove and reset each section of form: 

1. All sleeve holts were removed except a few to hold the form in 
place and two lines of the cableway sling were hooked on. 



Figure 220 . — Cantilever forms were handled by ctMewoy, 


2. The remaining sleeve bolts were removed and the cableway 
moved downstream enough to loosen the form and swing it free. 

3. After lowering to the ground the remaining lines of the sling 
were hooked to the form which was then picked up by the cableway 
and assumed an upright position. 

4. The form was moved to the new location and placed in an 
approximate position on the supporting shelf. It was then moved 
into exact position by hand and enough sleeve bolts connected to hold 
the form safely in place. 

5. The cableway was released and the remainder of the form 
erection completed. 

Outside parapet forms were built in place of 2-inch dressed lagging, 
2- by 6-inch studs on 15-inch centers and one 6- by 8-inch wale at the 
top and bottom of each form. Inside parapet forms were built in 
panels 28 feet long and each panel was reused about six times. These 
forms were somewhat similar to those used on the spillway bridge 
parapet walls that have been described in the previous section. 
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Surfacing and drainage. 

The roadway across the abutment sections of the dam and the 
spillway bridge is surfaced with Kentucky rock asphalt averaging 
about 3 inches in thickness at the crown of the road and about 2 inches 
at the curbs. This work was done in accordance with the Tennessee 
State Highway Department specifications for asphalt paving. A 
natural sandstone rock asphalt was used and 449.2 tons were required 
to complete the surfacing. Before the asphalt was placed, the low 
places in the concrete surface were filled with bituminous concrete 
to smooth the subgrade and insure a uniform thickness, and the entire 
roadway surface was primed with an emulsified primer. The asphalt 
was placed in two layers using a blacktop paver for distributing and 
sc reeding. 

SWITCHYARD 

The necessary earth excavation was handled largely by a 1 ^-cubic- 
yard shovel and a fleet of rented trucks. Most of the rock excavation 
was handled by the cableways in skip pans which were loaded by 
hand and the excavated material deposited behind the gravity spill- 
way training wall. Earth excavation was deposited in the fill for 
the parking area downstream from the powerhouse on the east bank 
of the river. Quantities involved were 11,376 cubic yards of earth 
and 6,034 cubic yards of rock. 

Concrete. 

All equipment and structural steel for the switchyard rests on 
reinforced concrete footings anchored to rock by means of reinforcing 
steel bars grouted in wagon drill holes. The cable tunnel, retaining 
walls, fence supports, and walkways are also of reinforced concrete 
construction. Forms for these structures were built in place, follow- 
ing the usual job practice in construction of forms for small con- 
crete structures. The cable tunnel furnished the largest single item 
of concrete work in the yard. Forms for this structure were built 
in two lifts while concrete was 'poured in six lifts. Concrete for the 
base slab and floor of the tunnel made up the first concrete lift. The 
first lift of forms was used for the second and third lifts of concrete 
and included the side walls and intermediate slab, respectively. The 
second lift of forms confined the upper walls, top slab, and curb. 
Premolded asphalt contraction joint fillers were placed in all con- 
traction joints. 

The majority of the concrete for the foundations and footings and 
all of the cable tunnel and pull vault concrete was mixed, transported, 
mud placed by the regular facilities, using the square controllable 
dump bucket for placing. Concrete for the transformer transfer 
tracks and structural steel footings on the low level of the switch- 
yard was mixed in a small portable mixer which was put into service 
after the central mixing plant was dismantled. This mixer was 
placed immediately downstream from the powerhouse on the same 
level with the low level of the switchyard, and concrete buggies were 
used to transport mixed concrete to the forms. 

Three classes of concrete were used in the foundation and footings 
which were completed before the central mixing plant was dis- 
mantled- In the large forms, where the reinforcing steel was not 
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too thick, concrete was composed of 3-inch maximum size aggregat e 
with 1.33 barrels of cement per cubic yard and a water-cement ratio 
of 0.55 by weight. In the heavily reinforced sections, a mix was 
used of li.o-ineh maximum size aggregate, 1.50 barrels of cement per 
cubic yard and a water-cement ratio of 0.55 by weight. Extra 
cement up to 2(Ki pounds per 3-cubic-yard hatch was necessary at 
times to improve workability because of the prevalence of dirty ag- 
gregates near the end of the job. The third class, used in the cable 
tunnel walls, was composed of 3^-inch maximum size aggregate with 
a water-cement ratio of 0,55 by weight and cement contents varying 
from 1.00 barrels to 2.25 barrels per cubic yard. 



Figure 221 . — Switchyard during construction. 

Steel. 

Switchyard structural steel members are galvanized and bolted to- 
gether. They were shipped to the job unassembled, with all members 
punched and ready for assembly. The laced columns and beams were 
assembled into convenient units for moving into final position and 
handled into place by cableway. Erection of the structural steel was 
done by the regular job rigger forces. Approximately 131 tons of 
steel made up the initial switchyard installation which was completed 
between June 6 and 30, 1936. Switchyard extensions made after this 
installation are not covered in this report. 

Equipment. 

The transformers were shipped by railway freight from the manu- 
facturer’s plant at Pittsfield, Mass., to Coal Creek where unloading 
and transfer to the powerhouse were handled by the rigger forces 
of the Authority. The item presenting the principal problem of 
unloading and transfer was the transformer case containing the 
core and coils. This case, which weighed 81,000 pounds, was picked 
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up from the car and placed on the 40-ton float trailer by the double 
A-frame unloading rig and securely fastened to the trailer by block- 
ing and enys. Two 8-ton trucks heavily loaded, one pulling in front 
of the trailer and the other braking from behind, provided the motive 
and braking power for the trailer in transit from Coal Creek to 
the powerhouse. The transformers were carried down the winding 
west bank construction road, which had three hairpin curves, one 
of which had a radius of less than 50 feet and all of which were 



Figure 222 . — Moving transformers from Coal Creek to the switchyard. 

steeply superelevated. Special care was necessary to prevent over- 
turning of the trailer and transformer at these points. To accom- 
modate this heavy load, it was necessary to reinforce the construction 
bridge. Six transformer cases were unloaded and transferred to the 
powerhouse without mishap or damage although because of their 
height and weight they presented the most hazardous handling prob- 
lem attempted during the job. At the powerhouse the trailer was 
backed through the equipment entrance onto the unloading bay, where 
the transformers were picked up by the powerhouse crane and trans- 
ported to the erection bay at the west end of the powerhouse. 
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Transformers were shipped to the job completely closed and filled 
with nitrogen gas to protect the coils and core from atmospheric 
effects. The tank of each transformer was flanged 4 feet below the 
top and the top 4 feet removed to reduce the height for railroad 
clearance. General Electric Co. personnel handled the entire field 
assembly, which included placing on the trucks, adding the 4- foot 
top section, assembling the bushings and radiators, filling with oil 
and nitrogen, and assembling all accessory equipment. After assem- 
bly and drying out. the transformers were placed by means of the 
powerhouse crane and the transformer transfer equipment. A small 
amount of oil was placed in each transformer before it was moved 
into final position in the switchyard, and filling with oil and nitrogen 
gas was completed after the units were placed in their final positions. 
Oil for the transformers was also furnished by the General Electric 
Co. and shipped to the Authority in tank cars and drums. 

The first transformer was received on the job in June 1936, and 
the erector crew arrived June 22, 1936. The first bank was com- 
pleted and placed into service^ on July 28, 1936, and the second 
bank on September 30. Additional equipment necessary for com- 
pletion of the switchyard presented no difficulties in erection or 
transportation and were installed either by the contractor or by the 
Authority’s erection forces. 


LOYSTON DIKE 

At a point about 5*4 miles east of Norris Dam, a saddle dam was 
built to prevent the loss of flood storage water above elevation 1,036 
from Norris Reservoir through a low point in the reservoir rim. 
The location of this dam is shown in figure 225, page 486. 

Since the low point of the saddle was at elevation 1,036, waiter 
would have escaped down Buffalo Creek into the Clinch River below 
Norris Dam whenever it became necessarv T , for flood control purposes, 
to fill the reservoir above that elevation. The character of the un- 
derlying rock was also a matter of concern because of the indication 
of the presence, in the immediate neighborhood, of extensive under- 
ground channels which might allow water to escape through the 
reservoir rim below elevation 1,036. In order to prevent leakage 
under the dike, a program of grouting was carried out and an im- 
pervious core to connect the fill with impervious material on either 
side was constructed. 

The original plans contemplated a rolled earth embankment with 
the crest at elevation 1,060. The structure was substantially com- 
pleted as first contemplated, but a later decision regarding the safe 
height resulted in increasing it an additional 5 feet, bringing the top 
to elevation 1,065. As finally completed the structure is 10 feet wide 
at the top, with an upstream slope of three to one and a downstream 
slope of two to one. The maximum section is approximately 32 feet 
high above the original ground and approximately 170 feet wide at 
the base. Beginning at the west end where it abuts a hill forming the 
west side of the saddle, the dike extends eastward across the low 
point in the saddle for approximately 1,280 feet, measured along the 
crest, and intersects a spur from the hill forming the east side of the 
saddle. At the intersection with the spur, the axis turns an angle 
of 37° to the left for a distance of 14 feet, from which point the dike 
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extends an additional TOO feet in a northeasterly direction along 
the spur to original ground. A cut-off trench of impervious material 
placed in the same manner as the rolled fill extends from the original 
ground at least 5 feet into impervious material or to rock. The 
french extends only along the lower part of the saddle, beginning 
at the west end of the dike and extending to station 174-00. 

By the time the decision was reached to increase the height 5 feet, 
the riprap for the protection of the upstream slope had been com- 
pleted and the fill necessary for the additional 5 feet of height was 
placed on the downstream side of the dike. Thus the center line 
of the 10-foot berm on to'p was moved 15 feet downstream from the 



plan 

Figure 223 . — Loyston dike — Plan and elevation . 


original center line of the dike. The upstream slope is protected 
from erosion by wave action or surface water run-off by a blanket of 
riprap approximately 3 feet thick. The top and downstream slope 
are protected by a growth of small grasses and vines. 

Construction organization. 

Construction of Loyston Bike presented no unusual problem. The 
scheme of operation contemplated the use of personnel and equip- 
ment from Morris Bam in such quantities and at such times as the 
main construction program would permit ; but, in general, once work 
at the dike had been started it was carried to completion in an 
orderly and efficient maimer. 

With the exception of the grouting program, which was under the 
supervision, of the regular foundation treatment organization, the 
instruction organization was under the supervision of one general 
foreman who had complete charge of all construction activities. 
One man, who served as resident engineer, handled all engineering 
and JOfe was assisted in lay-out work by a held party. 
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from the main field engineering organization and in making soil 
tests by members of the concrete inspection organization. The con- 
struction organization included, besides the general foreman, three 
labor foremen, four shovel operators, eight tractor operators, four 
shovel oilers, hair compressor tenders, four core drill operators, four 
core drill helpers, four wagon drill operators, one pump operator, and 
one timekeeper clerk. The remainder of the organization was com- 
posed of unskilled labor used for clearing and grubbing and for 
placing riprap and sod. All hauling was by contract, and the con- 
tractor furnished the labor for truck "operation and maintenance. 

Work was carried on during four 6-hour shifts, except for about 
2 weeks at the beginning of operations during which time only two 
shifts were employed. A two-shift basis was resumed after the 
fill for the dike, as originally designed, was completed. During the 
period when the dike was being raised 5 feet, work was carried on 
during two 6-hour shifts. 

Clearing and stripping. 

Clearing and grubbing were started in April 1935. The site was 
stripped of top soil and sod for a depth of about 1 foot. This 
material was stock piled for later use m sodding the downstream 
slope and the top of the dike. All clearing and grubbing were done 
by hand with the aid of tractors for removing large stumps. A 
tractor, equipped with a bulldozer, loosened and concentrated the 
stripped material for handling by the 1*4 -cubic-yard shovel into 
rented trucks for transportation to the stock pile area. 

Trench excavation- 

After completion of the stripping operation, the shovel excavated 
the trench for the impervious cut-off or core. This trench extended 
from the west end of the dike for 1,200 feet to station 17400, 
was 12 to 15 feet wide at the bottom and from 20 to 25 feet wide 
at the top and at least 5 feet deep. It was not excavated to rock 
except where rock was less than 5 feet below the original ground 
surface. At other points it was extended into the practically imper- 
vious clay blanket overlying the divide. Suitable material removed 
from the trench was placed directly into the fill, and the remainder 
was wasted on the upstream side of the dike beyond the boundary of 
the structure. The original plans called for the center line of 
the trench to coincide with the axis of the original dike, and the 
trench was completed in this location. In the completed structure 
the center line of the trench is 15 feet upstream from the center 
line of the 10-foot berm on top of the dike. All excavation was 
done by means of the shovel loading into rented trucks for trans- 
porting to either the fill or spoil banks. Excavation for the core 
trench amounted to 4,142 cubic yards of earth and was completed 
by mid-April. 

Grouting. 

The original grouting plan contemplated drilling all grout holes 
on the center line of the cut-off trench ; but field conditions dictated 
several changes. At the beginning of operations, wagon drill holes 
on 20-foot centers were drilled between stations 13 + 40 and 16+ BO 
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on the axis and at the bottom of the cut-off trench. Intermediate 
wagon drill holes halfway between the first holes were later drilled 
in this area. This section was then grouted through these holes 
without any attempt at washing seams or establishing interconnec- 
tion between holes. From station 17 + 40 to station 23+80, 3-inch 
core drill holes spaced 20 feet apart were drilled on the axis and 
grouted before the fill was made. It became apparent as grouting 
progressed that if the section between the west end of the dike and 
station 13+40 was to be grouted from holes on the axis drilled from 
the bottom of the cut-off trench, this work would interfere with the 
construction of the impervious core and consequently hold up work 
on the x'olled fill. In view of this fact, a decision was reached to 
grout this section of the divide from holes drilled at the toe of thb 
upstream slope. Complying with this decision, 3 -inch core holes on 
20- foot centers were drilled to ground-water level and were subse- 
quently grouted- Three 3-inch core holes were drilled and grouted 
to connect the line of wagon drill holes on the axis with the line of 
core holes on the upstream toe and thus insure a continuous line of 
holes for the length of the dike. These core holes were washed just 
enough to establish interconnection between them. 

Grouting pressure in general was limited to 15 pounds per square 
inch, but m some cases final grouting pressure reached 30 pounds 
per square inch. All holes were water tested for leakage at pres- 
sures up to 20 pounds per square inch before being grouted. Grout 
consisted of one part of portland cement and one part of water by 
volume, except in two or three cases where holes were started using 
1.2 parts of cement to one part of water. The procedure followed in 
grouting was the same as that for the shallow grouting of the dam 
foundation. 

All drilling and grouting were done between mid- April and early 
August 1935. The work done in this operation is summarized 
below : 



Quantity 

Unit 

Unit cost 

Wagon drill holes , 

1,541 

2,443 

5, 398 

I linear feet ... 

$0,853 

1.690 

1 849 

Core drill holes 

do , 

Oroating 

Cubic feet.. 




Rolled fill. 

Except for a small amount of material from the core trench, 
material for the rolled fill and cut-off core wall was obtained from 
two borrow pits. The first pit was located about 300 feet north 
of the dike on the property owned by the Authority, the average 
haul being about 500 feet. However, since this pit proved inadequate 
to supply the total amount of material needed for the fill, a second 
borrow pit ^ known as the York pit was opened and supplied the 
major portion of the material used for the dike. This pit was 
located approximately 1,700 feet from the west end of the dike 
with the average haul being about 2,600 feet. 

Borrow pits were stripped of all top soil which contained roots, 
sod, and perishable matter of any kind; and this material was 
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stock piled together with the top soil stripped from the site of the 
dike. All stripping and excavation for borrow was done bj the 
l 1 / 4 -cubic-yard shovel and the excavated material was handled to 
the stock pile or fill by a fleet of from 10 to 15 rented trucks. Ma- 
terial for the fill was dumped by the trucks in approximate position 
and spread into layers, which 'when compacted did not exceed 8 
inches in thickness. Tractors equipped with bulldozers did the 
spreading while compaction was clone by sheepsfoot rollers and a 
10-ton road roller. 

Each layer of material was placed to extend outside the line of 
the finished structure, and the slopes were trimmed to finished line 
by a tractor-drawn grader. The excess material from the trimming 
of the slopes was in turn redeposited in the fill. In order to allow 
for settlement, the depth of fill at all points was made approximately 
5 percent greater than was necessary to bring the structure to the 
designed neat lines. The area of contact between the original 
ground and the fill was scored from G to 8 inches deep by plowing 
on 3-foot centers before the placing and compacting of material was 
started. In places where the road roller was used, the surface of 
the compacted layer was scored lightly by a scarifier before addi- 
tional fill was placed, and spikes were used on the road roller to 
minimize the marked laminations. All of the material placed in 
the addition to the original fill was completed by sheepsfoot rollers. 

Work on the original fill was started on April 4, 1935, and was 
completed on July 25, 1935. The additional work necessary to 
raise the top of the dike 5 feet in elevation was started on September 
17, 1935, and was completed ^December 20, 1935. All material was 
handled and placed in the same manner as has been previously 
described in placing the main fill. A total of 80,458 cubic yards 
of material makes up the completed fill. Of this amount, 22.500 
cubic yards were required for the additional 5 feet of elevation. 
The total yardage was placed at a cost of $0,642 per cubic yard. 

Compaction test. 

Proctor’s method" for controlling the compaction of rolled 
earth-filled dams was used to check the moisture content and 
degree of compaction obtained in the fill. A very close control 
over the degree of compaction was not attempted, and therefore, 
the testing was not carried out either on a regular schedule or in 
a very extensive manner. Tests included determination of moisture 
content in the borrow pit and in the fill, degree of compaction in 
the fill, plasticity in the fill and laboratory-compacted materials, 
and laboratory compaction to determine the optimum moisture con- 
tent and the degree of compaction obtainable. Samples taken from 
the fill and both borrow pits indicated an average moisture content 
in place of about 28 percent. Additional samples indicated the 
average optimum moisture content to be approximately 21 percent 
and laboratory maximum compaction to give an average dry weight 
of 104 pounds per cubic foot. Under best laboratory compaction at 
existing or field moisture in the fill, an average dry weight of 96 
pounds per cubic foot was obtained. Samples from the fill showed 

85 Proctor, S. R., Railed Earth Items, Engineering News- Record, vol. Ill, pp. 245-248, 
286-28$, 348-351, 372-376. 
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an average dry weight in place of 89 pounds per cubic foot Al- 
though the tests were not extensive, they indicated that the moisture 
content of material placed in the fill averaged 7 percent too high 
for maximum compaction and field compaction averaged about 7 
pounds per cubic foot less than would have been obtained at the 
existing moisture content with best compaction. 

Erosion, protection. 

Protection of the upstream slope against erosion from surface 
water run-off and wave action was by a 3-foot layer of quarry rock 
riprap laid directly on the slope. The original plans called for a 
gravel blanket 8 inches thick, but the high added cost necessary for 
buying and transporting this material from the aggregate supply at 
the dam did not seem to warrant this part of the riprap. Rock for 



Figure 224 . — Upstream slope of JLoyston dike . 


the riprap was taken from, a quarry near the borrow pit fom which 
the earth fill was obtained. Quarry-run material was dumped on 
the slope in approximate position and placed by hand. During the 
hand-placing process, as much of the small material as possible was 
worked to the bottom of the riprap partly to fulfill the requirement 
of a gravel blanket. A trench 6 feet wide and about 3 feet deep 
was provided at the intersection of the earth-fill slope and natural 
ground surface to form a footing for a riprap. 

The top of the dike and the downstream slope are protected from 
erosion by a growth of small grasses comprised of lespedeza, orchard 
grass, rye grass, clover, and red top. In addition to the grasses, a 
growth of Kudiu vine aids in preventing erosion. Preparation of 
the surface of the dike for these growths was secured by spreading 
the topsoil over the surface to an approximate depth of 12 inches. 
A xniitiire of rock flour, reclaimed from the concrete aggregate 
maniifactimiig plant at the dam, and TV A triple phosphate in the 
proportion of 5 to 1, was applied to the topsoil surface at the rate of 
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about 1 ton of the mixture per acre. After this application, grass seed 
was sown at the rate of 20 pounds per acre and the Ivudzu roots 
placed on about foot centers. The entire surface was then cov- 
ered with a mulch of straw. The downstream slope and top are sur- 
rounded by a 5-foot wire fence to keep animals from trespassing. 

CONTRACTION JOINT GRO ITLNG 

Provision is made for the future grouting of the dam contraction 
joints. The grouting program will be done at a time when the inter- 
nal concrete temperature will be within 4° F. of the final estimated 
temperature. Present indications are that this program can be car- 
ried out ant' time after the spring of 1940. Beyond this date the rate 
of heat transfer will be very slow. 

The contraction joints are approximately 56 feet apart. Each ver- 
tical joint is broken up into 50-foot lifts by means of horizontal 
grout stops. Each lift contains one 114 -inch grout supply header 
at the bottom and one 1^-inch return header at the top. The two 
headers are interconnected by Vt -inch vertical riser pipes spaced at 
5 feet on centers. Grout cells are placed in the vertical risers at 10 
feet on centers and so arranged that they are staggered 5 feet on 
centers with adjacent risers. A typical arrangement of the grout 
cells is shown in figure 30. 

In each 50-foot vertical section of contraction joint the piping 
arrangement is approximately identical, variations from the set 
plan being due to some shape or other characteristic of the structure 
not common to all sections. In general two 1%-inch headers, placed 
on a 5 percent upward slope from upstream - to downstream face, 
are provided in each 50-foot section. The headers and the grout 
stops were placed on a 5 percent slope to conform to the slope on 
which the horizontal construction joints or “day’s work” planes were 
made. The majority of the pipe was bought cut to length and 
threaded for installation in vertical lifts of 5 feet, although a small 
amount was bought in random lengths for cutting and fitting in the 
field to care for special situations. 

Grout cells. 

Grout cells were made of two covers of 4-inch diameter conduit 
outlet boxes faced together with the flanges matched. One-half was 
embedded in the concrete of one block and the other half in the con- 
crete of the adjacent block so that, when the contraction joint opened, 
a space between the flanges of mating covers was formed through 
which the grout may flow into the joint. 

Grout piping and the conduit outlet covers to which the pipe con- 
nections were made were placed first as the high block was carried 
up. The covers were assembled to the %-mch nipple and secured to 
the nipple by means of a lock nut on the outside and a capped conduit 
bushing on the inside The capped bushing was used to preclude any 
possibility of grout getting into the 14 -inch pipe during concrete 
placing. After the forms were removed, the bushing was replaced 
by another %-inch lock nut Several methods of securing the covers 
to the forms were tried. The method most extensively used on ap- 
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proximately half of the cells employed a combination of nails and 
by %- inch machine bolts with' hexagonal nuts. In addition to 
the fastening for the cover to the forms, the pipe was secured in place 
and held plumb during concrete placing by means of wooden block 
spacers fastened to the form to which the pipe was temporarily 
attached. As concreting progressed the spacer blocks were removed. 

As the low blocks were concreted, the matching halves of the cells 
were fastened and held in place by the nails and machine bolts placed 
with the previously embedded half of the cell. The edges of the two 
covers at the point of contact were sealed against leakage of grout 
into the cell during concreting by means of an application of stiff 
asphaltic caulking compound. Laboratory experiments at Norris 
and actual installations at other jobs indicated that this method of 
treating the cover openings was the most practical. 

Grout and water stops. 

Nine-inch -wide copper grout stops at the downstream face and 
14-inch-wide copper water stops at the upstream face were carried up 
with each 5-foot concrete lift with enough additional material pro- 
jecting above the lift to permit connection to the next piece above. 
Horizontal stops, which were placed at 50-foot intervals, were placed 
just below the top of a 5-foot lift. 

Connection joints between strips were riveted and soldered to form 
a grout tight connection. The 9-inch stops were bent at a 90° angle 
along the center line and one 4%-inch leg laid flat against the form 
of the high block, the other extending into the concrete of the lift. 
As the low block was built up, the remainder of the stop was bent 
out so as to be included in the concrete of the lower lift. Similar pro- 
cedure was followed on the 14-inch water stop except that it con- 
tained a 1-inch crimp along the center line of the strip to provide for 
any movement of adjacent blocks. Horizontal grout stops were 
handled in a manner similar to the downstream face grout stops. 

Provisions were made for grouting at points where the dam abuts 
against rock in a plane which lies approximately normal to the axis 
and diverges from the horizontal enough to allow the possibility of 
the formation of a shrinkage crack at the plane. Water stops at the 
upstream face and grout stops at the downstream face embedded in 
rock and conrete across the plane were provided. Grout cells were 
also installed by placing half of a regulation grout cell — one con- 
duit outlet cover — against the rock and were sealed against the en- 
trance of grout during concrete placing by an application of stiff 
asphaltic caulking compound. The piping was carried into the near- 
est convenient gallery. 

In the first two or three blocks concreted, a grout stop was provided 
near the rock foundation, roughly parallel to the rock across the con- 
traction joint. In all subsequent blocks this stop was omitted and 
the upstream water stop and downstream face grout stop extended 
into rock, thus providing for the passage of groupt to foundation 
rock. These stops were anchored in the rock by drilling several jack- 
hammer holes in a line as close together as possible and breaking out 
the web between holes to make a trench to fit the copper sheet. The 
sheets were then grouted in the trench which was usually about 12 
inches deep. 
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Contraction joint data. 

Before concrete placing was started the chances of obtaining grout- 
able joint openings were considered in view of eliminating the con- 
traction joint grouting system. The limitation of difference in ele- 
vation between adjacent ^blocks as specified in the general specifica- 
tions was also given consideration. It was decided that on the basis 
of previous knowledge groutable openings would probably be obtain- 
ed. Some engineers were of the opinion that if the sides of high 
blocks with large differences in elevation between high and low blocks 
were exposed for long periods of time, these joints might not open 
enough for grouting. Readings of the joint meters installed in 
the joint between blocks 39 and 40 and all joints west of the 39-40 
joint indicate that groutable openings will be obtained. 

Contraction joint leakage. 

Indications of water having entered the contraction joints from 
the reservoir and found its way to the downstream face were evident 
in a number of places. At several joints, entrance of water from the 
reservoir into the joint has been evidenced by the discharge of water 
from the contraction joint grout pipe system at the downstream face 
where pipes were unintentionally left unplugged. 

Conclusions. 

As a result of the experience gained in providing for grouting of 
the contraction joints several conclusions are evident ; 

1. Of the several methods tried for securing grout cells during 
concreting, the method used most extensively was the most satisfac- 
tory. A better method is desirable since none of those tried were 
entirely satisfactory. 

2. Water and grout stops could possibly be installed using keys. 
There are some disadvantages to this method of installation. How- 
ever, the necessity of working on each joint twice would be elimi- 
nated. Brazing of joints is probably better than soldering, although 
riveting should also be used in either case. 

3. Present indications are that groutable openings will be obtain- 
ed in practically all joints. It is desirable that the construction 
program be so planned as to eliminate long exposures of contraction 
joint faces. It might prove profitable in a dam as large as Norris 
to install at least three contraction joint measuring devices across 
each contraction joint at carefully selected positions. Such an in- 
stallation would provide data on the size of openings and would also 
prove profitable during grouting in determining the movement of the 
blocks as the grouting progressed.. 

4. Leakage into contraction joints from the reservoir is almost in- 
evitable, although it will be accompanied by the depositing of silt 
and material leached from the concrete which will tend gradually to 
reduce this leakage. Since leakage is inevitable, provision should be 
made for intercepting it by means of a vertical drain across the joints 
a short distance downstream from the water stop. 

5. If a contraction joint grouting program is to be attempted, 
some means, such as the installation of electrical resistance thermom- 
eters, should be provided for determining the progress of cooling in 





THE NORRIS PROJECT 


the interior of the mass as a basis for intelligently predicting the 
proper time for grouting. Recent developments of mathematical 
formulae have made it possible to predict with a decided degree of 
accuracy the temperature phenomena of a mass of concrete. How- 
ever, a "carefully planned installation of temperature detecting de- 
vices would aid considerably in the use of these formulae. 

6. Relief vents should be provided to allow the escape of air and 
water during grouting. 

7. Vertical water stops should be wider than those used and they 
should be spaced farther from the upstream face. Also the expan- 
sion due to opening of contraction joints should be provided for by 
means other than the V bends used. The stainless steel water stops 
used more recently at TVA’s Hiwassee Dam overcome many of the 
objections to those used at Korris. 
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Chapter 7 

RESERVOIR ACTIVITIES 

Norris Reservoir, with a 705-mile shore line at elevation 1.020* 
extends into five counties. The creation of the reservoir necessitated 
considerable diversified work such as surveying and mapping and 
purchasing nearly 150,000 acres of land, moving 3,000 families and 
5.000 graves, clearing forest and structures from the draw-down area, 
relocating affected highways, railroads, and utility lines and pro- 
viding adjustments for other backwater damages. Labor from Civil- 
ian Conservation Corps camps stationed in the valley was not utilized 
for any of this work which was strictly necessary for the completion 
of the project to serve purposes of navigation, flood control, and 
power. However, such labor was used for related work in the 
fields of erosion control, park development, recreation, and general 
beautification of the area. 

SURVEYS AND MAPPING 

The use of aerial photographs for property surveys and mapping 
in the Norris Reservoir was a noteworthy development. There was 
only little experience as a guidance in surveying by this method some 
187d)00 acres of the steeply sloping area. These property surveys, 
accurate for acreage to within 1 percent (average), were the basis of 
the land acquisition program with which approximately 150,000 acres 
of land were acquired with surprisingly few litigations. In addition 
to these property surveys, there were, of course, other surveys com- 
mon to large reservoirs that were conducted in the conventional 
surveying manner. 

On~May 1, 1933, a short time before the establishment of the Ten- 
nessee Yalley Authority, the United States Army Engineers district 
office at Chattanooga concentrated a large surveying force in the Cove 
Creek (Norris) Reservoir area with offices at La Follette, Tenn., and 
plans were laid for surveying work. Special consultants were secured 
from the Army Engineers district office in the upper Mississippi Val- 
ley region to advise on procedures and to expedite the work. Most 
of this original force was later transferred to the Authority. 

I^liminary surveys. 

The original plan adopted by the United States Army Engineers 
provided for a temporary control survey, the marking of the 1,060 
contour originally considered to be the 44 taking line,” and the prep- 
aration of land acquisition surveys of each tract to be purchased. 
The control surveys were of third order accuracy with the traverses 
following the principal river valleys, and with the levels being based 
on the United States Geological Survey bench marks. No permanent 
bench mmrks of this survey were established as it was known that they 
would be later covered with water. 
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Property surveys were first made from transit-tape surveys, being 
tied to the temporary control traverses. 

Final survey plans. 

Field work was carried on under the United .States Army En- 
gineers' preliminary plan until the work was taken over iy the 
Authority on August 1, 1933. The temporary control surveys were 
abandoned, the permanent control being combined with a series of 
silt range surveys. 

The schedule for building the dam was such that it became apparent 
that too much time would be required for property survevs being 
made by the original method. Also, the cost seemed" unusually high 
in comparison with land values. Accordingly,experimentsmatle with 
aerial photographs for mapping led to abandoning the original plan 
and adopting anew plan based almost entirely on aerial photographs. 

The regularly scheduled surveys 1 discussed in this chapter may he 
summarized as follows: 

Basic control 460 miles ; 3,751 monuments. 

Aerial photographs 511 miles traverse ; 522 miles levels. 

Land acquisition — Property surveyed 005 square miles. 

Reservoir clearing — 1,020 and 980 con- 186,700 acres. 

tours marked. 1,064 miles. 

Boundary line 466 miles ; 3,751 monuments. 

Silt ranges 516 ranges ; 108 miles ; 988 monuments 

Cemetery surveys 326 cemeteries ; 12,005 graves. 

Utility relocations 24 miles of line. 

Large scale topography — Principal sur- 13,200 acres. 

veys. 

Basic control. 

In addition to the previously mentioned temporary basic control, a 
permanent basic control was combined with silt ranges spaced ap- 
proximately y 2 mile apart, each range extending entirely across the 
reservoir. There were established 516 such ranges, each end of which 
was permanently marked with a concrete monument (988 monuments, 
some being common to two or more ranges) set just above the 1,020 
shore line. Specifications for the permanent control were more rigid 
than would have been necessary for silt ranges and called for position 
accuracy of 1 part in 5,000, all monuments being referenced and com- 
puted to a plane coordinate system. Elevations were of third-order 
accuracy and were on the 1936 Supplementary Adjustment mean sea- 
level datum. 

Plane coordinate system. — The Tennessee plane coordinate system 
established by the United States Coast and Geodetic Survey in 1935 
was adopted as the computing and plotting base for all reservoir sur- 
veys and maps except the original temporary traverse and level 
surveys. 

Level datum . — The third-order levels started by the Army Engi- 
neers were continued by the Authority. They were based on United 
States Geological Survey bench marks in the vicinity which were on 
the national level datum, known as the 1912 Adjustment. This datum 
was "used for all construction features. The silt range basic control 
surveys were, however, based on the later national level datum — the 


* Sayferd. Ned H., Surveying and Mapping in tiie Tennessee Valley, Civil Engineering, 
December 1935. 
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1936 Supplementary Adjustment Datum. The difference at Norris 
Dam between the two datums is 0.3 foot, the 1936 elevations being 
higher. The elevation differences throughout the reservoir area vary 
from about plus 1 foot to minus 1 foot, these differences being caused 
principally by accumulated errors in the old level lines. 

Temporary traverse amd levels . — Since it was known that this 
temporary control would be inundated and would be replaced by a 
permanent control system, no attempt was made to make final adjust- 
ments, convert to the State coordinate system, or to publish lists of 
station and bench mark descriptions, positions, and elevations. 


ty 


.Figure 226 . — Silt range and control survey marker. 

Silt range surveys. 

These ranges were established for the purpose of measuring the 
<lepth of silt deposits on the reservoir bottom in the future by pre- 
paring and comparing profiles of each range. The work fell into 
four _ operations : locating and setting monuments at specified sites, 
leveling to establish third-order elevations, taping and profiling 
ranges, and establishing plane coordinates of monuments. 2 

M onuments. — The silt range monuments used were precast and made 
of reinforced concrete. In the top of each monument is embedded a 
bronze tablet bearing identification inscription as shown in fig ure 226. 

Levels. — Third-order levels were run along the 1,020 contour line 
oaaboth. banks of each stream using the monuments as t urning points. 
Where ^possible this line was tied from both banks to temporary bench 
marfcs in the lower valley. Thus, in effect, a triple r un level line* was 
run along each stream in the reservoir. 

Jnly V 1935 0re ' George 3D ** Control Sarveys in Norris Reservoir, The Military Engineer, 
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Figure 227. — Arrangement of level control lines - 

Profiling and taping r.- — The taping of each range and the profiling, 
including river soundings, were done simultaneously using methods 
similar to standard mine-surveying practice of slope taping vertical- 
angle profiling. Using a standard 500- foot tape, the procedure was 



Figure 228. — Slope taping procedure. 

to make slope measurements from the center of the transit to a hub, 
then from the hub to the transit, and so on, using a length of tape 
up to 500 feet that would swing clear of the ground. 

The 500-foot tapes were calibrated * with a master tape which had 
been checked with the United States Bureau of Standards, and with 

* Whitmore, George 33., Control Surveys in Norris Reservoir, The Military Engineer, 
July 1935. 
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each tape was provided a temperature and tension table to determine 
the proper tension to use for each chosen length. To secure a check on 
taping, two independent distances along each range were taped 
simultaneously. This was accomplished by setting two hubs about 10 
feet apart for each transit set up. These two independent measure- 
ments for each range were required to check within 1 part in 10,000 
for distance, and within 1 foot for total difference of monument 
elevations. 

Similar profile shots at approximately 50-foot intervals and at all 
breaks in grade were taken at each transit station. These were faster 
and slightly less accurate. At breaks a shot consisted of a taped 
slope distance and vertical transit angles. 



Figure 229. — Typical triangulation figures and traverse schemes used to coordinate silt 
range and control survey monuments. 

Plane coordinates . — Connections between silt ranges were made 
where possible by third-order triangulation methods, using the silt 
ranges as measured base lines. Where triangulation could not be 
used, third-order traverse connections were run. Triangulation or 
traverse connections were made to the second-order traverse monu- 
ments established by the Tennessee Emergency Belief Administra- 
tion under the direction of the United States Coast and Geodetic 
Survey. 

After the triangulation figures were closed, the chain of figures 
was treated as a traverse line, selecting a route which included every 
silt rang© as a course of the traverse. The plane coordinate por- 
tion of each monument and all junction points within the reservoir 
were determined. The average adjustment between junction points 
was well within specifications of 1 part in 5,000. 



RESERVOIR ACTIVITIES 


491 


of control mon f uncut <1uta. — The approximate location of 
oa eh monument is shown on a control index sheet { fig. 25 * I ) and a 
complete description of each silt range monument is si town on a 
5- by b-inch card l fig. 231). These index maps are photographic 
reductions from plani metric maps reduced to a scale of 1 inch equal 
to 1 mile compiled in 15-minute quadrangles. The record cards and 
index maps are permanently filed with TV A record drawings. 

Aerial photographs . 

Aerial photographs covering 905 square miles of the Norris Reser- 
voir were taken with a single-lens camera of about 814 -inch focal 
length from a height of about 10.000 feet with a resulting contact 
print scale of approximately 1: 15,000 (1 inch equals 1,250 feet). The 
contract for this work was awarded to the Tobin Aerial Co., Sari 



Figure 230. — Typical section of control -index sheet. 

Antonio, Texas. Controlled mosaic sheets in 3.75-minute quadrangles 
and enlargements or reductions were later provided for ratios desig- 
nated by the Authority. 

To determine the scale for aerial photographs, distances _ were 
measured between identifiable points on every fourth or fifth picture 
on every strip of photographs and the scales for intermediate ones 
were interpolated. Elevations were determined approximately by 
aneroid barometers so that compensation could be made for relief 
displacements. Scales were thus determined for each original aerial 
photograph negative for a datum plane of elevation 1,000. On 
ratioed photographs, areas higher than elevation 1,000 would be to 
a larger scale, while those below would be at a smaller one. 

Practically no literature was available on this subject when this 
work started, so the field and office procedures had to he developed 4 
as the job progressed. 

* Tubfea, Harry, TVA Photogrr&mmetrist, article in News Notes of the AmericM Society 
of Pbot«%raHimetry, July— Augmst 1935. Aa&mMW, R. 0„ # Applied Photosrammet ry . 
Edwards Brothers, Aam Arbor, Mich., 1937. 



-x.ua 


THE GOBBIS PROJECT 


Land acquisition surveys. 

Surveys for land acquisition were only sufficiently complete and 
accurate to determine the correct acreages and to prepare legal de- 
scriptions of lands to be purchased. As most of the acquired area 
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proximate boundary lines, and other ownership data so that deed 
copying and the later property surveys would be facilitated. Bound- 
ary lines were sketched on contact prints of aerial photographs and 
later transferred to the 1 : 15.000 scale United States Army Engineer 
topographic sheets from which reconnaissance map sheets were traced 
in pencil. These maps, covering 214,800 acres, served the purpose of 
general plan and progress maps for property surveys and as field 
maps for preliminary appraisals. Later they proved valuable to 
the field parties making property surveys. 



Figure 232 . — Enlarged aerial photograph used as plane table sheet. 


Deed copyiTig . — Copies of each recorded deed were made from 
county records. Deeds were secured from the owner when none was 
recorded. In each major discrepancy between deed description and 
field reconnaissance sketches, both were checked before actual prop- 
erty surveys were made. A total of 4,114 deeds were copied. 

Property survey methods . — Farm tracts varying in size from about 
10 to several hundred acres were surveyed almost entirely by the use 
of aerial photographs. All small tracts of less than 10 acres and a 
few less than 20 acres were made by plane table, using larger scales 
than those used on photographs. Transit tape methods were used 
for city and subdivision lots where record plats of such lots were 
not already available. 

Aerial photographic property surveys . — Enlargements of aerial 
photographs to the scale of 1 inch equal to 500 feet were the basis 
for farm surveys. Ninety -five percent of these enlargements had a 
scaling accuracy to within % of 1 percent and only occasionally did 
the error exceed 1 percent. The u net center area” (that area defined 
by mid-overlap lines) of each print was marked and the field sur- 
veyors plotted as much as possible within this center area so as to 
minimize the effect of relief displacement and tilt. 
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In addition to the photographic enlargements, the surveyors were 
furnished with property reconnaissance maps, copies of deeds, and 
record plats where available. 5 

The procedure then consisted of locating on the ground and plot- 
ting on the photograph each property corner. If the corner was 
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Figohjb 233. — 'Typical property inventory form. 

directly identifiable on the photograph, the plotting was merely a 
matter of precisely pricking the proper image. If the corner was not 
directly identifiable, then it had to be established on the photograph 
by conventional plane table traverse methods, utilizing the photograph 
itself as the plane table sheet. This was accomplished by originating 
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and closing the traverse on identifiable image points selected as near 
ot eacii image toward or away from the center of the photograph, 


6-13-31 S-7-JV 3-7-M 

oat. 6 -PS -31 



Mrs Ool/ He J ton was former fy Doff 4 rr> wine. 

TEKMCSM EE VAt- Unr AU THOWI TY 

NORM'S MCSCR VOtft 


Orchard: 

%t acre apple & peach 
f re es J- X? years. 

Deed: 

BJ6-J Q 62 

C If 


MRS. DOLL HELTON I 

\mt 

3621-8337USO-3-96 I-2Q2& 


Figure 234 . — Typical property plat. 


making necessary a correction which had to be applied in the field 
Delore the plane table traverse could be closed and adjusted. This 
correction was based on the elevation of the point and the distance 
trom the center of the photograph. These elevations were established 
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within about 25 feet by means of barometers. Barometric readings 
were also taken as the identifiable corners as the basis for later cor- 
recting for the relief displacement of these points in the office. 

When owners could not definitely point out their corners, conven- 
tional transit-tape surveys were made from deeds and other evidence 
to establish the corners on the land before plotting them on the 
photograph. 

The surveyors delineated in pencil on the photograph all of the 
structures and features which were to be shown on the final plat and 
made necessary descriptive notes of each property corner and prop- 
erty line. For assistance to the draftsmen, an “inventory” of struc- 
tures and improvements on each property was made as shown in 
figure 233. 



The 1,020 contour which had been marked previously on the ground 
was plotted on each photograph in correct photographic location. 
Also, the 1,047 contour (approximate minimum buying line) and the 
040 contour (lower clearing limit) were mapped. For many tracts 
requiring special consideration, 5 -foot and even 2 -foot contours were 
plotted. 

Office drafting of 'plats . — The first operation in the office was to trace 
from the photograph on vellum the photographic position of each 
property corner. Correction was then made for relief displacement 
in order to establish the correct map position. Reference tables were 
provided for this purpose which eliminated computations. As tilt 
was a serious factor in only a very few cases, the photographs were 
normally assumed to be tilt free. Bearings and distances of each 
property line were then scaled from the tracing and acreage in each 
tract was planimetered. The acreage of cleared land and wooded 
land to be cleared was also planimetered. 

Complete individual plats for each tract were then traced from the 
vellum overlay. To these were added bearings and distances of 
boundary courses, the acreage figures, and all necessary notes. Plats 
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of small tracts were traced directly from the white paper plane table 

rheets. 

The property ‘‘taking line 75 was then determined, as described later 
in this chapter, and plotted on each plat with the distance and bear- 
ing of any severance^ courses. A “metes and bounds' 5 description of 
each tract to be acquired was then prepared and served as a basis for 
land acquisition. 

Area surveyed .- — Land acquisition surveys were made for several 
different purposes. Those most commonly used were: 


Number 

tracts 


Reservoir land surveys. 
Peninsular land surveys.. 
Norris town site surveys.. 
Subniar sinal surveys 


J.S21 
6 IS 
30 
18K 


137,000 

29.000 
1,000 

14.000 



Figure 236. — Marking contour in wooded area. 


All tracts in the downstream portion of the reservoir touched by 
the 1,047 contour were surveyed. In the flatter upstream portions, 
surveys were stopped at approximately the 1,030 contour, and in the 
head of the reservoir, especially on the Clinch and Powell Rivers, they 
were terminated where the 1,0*20 contour crossed the water surface. 

Reservoir clearing surveys. 

Fourth-order levels were used in tracing 705 miles of the 1,020 
contour line on the ground. In wooded areas marks were painted 
in white on trees, selecting trees of such elevation that the marks 
would fall about 1 foot off the ground. In cleared areas the line 
was marked by white stakes and on fence posts and structures spaced 

3 55813 — 40 33 
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at intervals of from 50 to 200 feet. Levels were tied to control u , 
marks about every 2 to 6 miles with an accumulated 1 m nch 

exceeding one-half foot. The 940 contour totahn ^ 4 •, Seldom 

".iililrloim, Jr':""' C, “™ g leVCl " S “‘' bd red bat? "J 

bSto^ fell o“o “on h° leS y ai |> «* 

the marks would be extended from ealh Sde .s fS“ do “ b ?*’ 

P “””' ^ ™ ‘e£2t 



Figure 237. — Property marker monument. 

Reservoir boundary line survey. 

angtei^nt^^out^e^bounda^ i^,° nU i n 5, nts were ^ 1 at each 

Where a natural marker alrjidy exfstS ^TVA™ 11 ' reservation - 
placed as near the corner a-n tva e - xist ea, a T ^A monument was 
reference for the n aTural cornJ 7 J^ nd as pos ? ible to serve as a 
boundary intercepted a meindm-i * Where a straight course of the 
ment was set on fine on the straio?t C ° UrSe STlch aS a stream ; » monii- 
mteraectlon of the meandering * S “ 6ar aS P 083 ^^ to its 

transit traverses f otalinw^eo bac * **en placed, fourth-order 
°°«neet the monuments.** WheS^nr/'r *£? r ®f ervoir were run to 
***** ns taming [mints in the traveS^ 1 *^®’ t he monuH >ents were 
stations on the traverse to aJJ other^r> Sld ®* Sll0tS 1 were made fmm 

aU other monuments and natural comers. 
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At intervals of approximately 3 miles, the fourth-order traverse was 
connected, to the basic control which in most eases was made up of 
the silt range monuments. From these connections the coordinate 
position of each boundary corner was computed. Position closures 
averaged about 1 :2.50G with none greater than 1: 1,000. The length 
and bearing of each boundary course was then computed from the 
adjusted positions of the corners. It was found that the difference 
between these computed values and the corresponding values scaled 
from the photographs, was always relatively small. 

The boundary line survey was reduced m final form to the Ten- 
nessee plane coordinate system and a record plat is being prepared 
using planimetric maps to the scale of 1 : 24,000 as the base sheets. 
These sheets will show each angle point and its index number, except 
that in the case of many points close together some corners will of 
necessity be omitted from the plat. On a tabulation sheet attached 
to each map will be shown statistical data concerning each point. 

Cemetery surveys. 

A survey and plat on a 1 : 240 scale was prepared by plane table 
for each disinterment and reinterment cemetery. Much difficulty 
was experienced in identifying graves as markers in many cases had 
disappeared, especially in the case of the older graves, many of which 
dated back more than 100 years. A total of approximately 12,000 
graves, located in 232 private and church cemeteries, was surveyed. 
A total of 5,226 of these was relocated and surveyed in 94 reinter- 
ment cemeteries. The total cost for cemetery surveys and maps was 
$35,535.38. exclusive of general expense. 

Communication and power line surveys. 

Special surveys were made of all public utilities such as power 
transmission and communication lines within the area to be flooded. 
The location of these lines was profiled and mapped in detail and 
inventories were made of all structural items. Data regarding past 
operations and the number of customers were frequently necessary. 
A total of 24 miles of such surveys was made. 

Topographic surveys - 

Since the United States Army Engineers had completed the Ten- 
nessee River survey topographic sheets for this area (scale 1 : 15.000) , 
a general topographic survey was not made by the Authority. There 
were many uses, however, "for large scale topographic surveys and 
maps, the principal ones being: 



Scale 

Contour 

interval 

Area 

mapped 


1 inch *50 feet 

Feet 

2 

5 

5 

2 

2 

2 

2 

2 

2 

Acres 

825 

4,350 

5,040 

805 

765 

2X0 

135 

45 

20 


1 inch *200 feet 

Norit tnvn site 

1 inch *200 feet 

Highway relocation (five State highway projects) 

UaystMa TOvkle _ . _ 

1 Inch* 50 feet 

| 1 inch* 200 feet 

Town at OaryvHlf! . _ 

1 1 tTsch*50feet 

E&ele Raik) Tiw Mnysesry _ . 

I inch* 200 feet 

Prensceed Norris Maftkaial Cemetery . - 

Jhcwjwjflwsd Montis Be®eatioa Part - 

I inch* 100 feet 

1 inch* 50 feet. 
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These were made by plane table and where possible were tied 
with transit tape traverses to coordinate control points. All well- 
defined cultural features were plotted correctly on the finished maps 
within 0.02 -inch of the true coordinate position. Ninety percent 
of the elevations interpolated from the maps were correct within 
one-half the contour interval. 

LAND PURCHASE CONTROL 

It was stipulated that requests for land purchases for any purpose 
should be in writing and should be reviewed and approved by one 
central organization, in order to establish a control for land purchases. 
This organization alone was authorized to approve purchases, within 
limits prescribed by the Board of Directors, and to prepare definite 
descriptions and maps for land acquisition. 

It was agreed that the Authority would acquire every tract of land 
lying within one-quarter mile of the water line at design flood stage, 
elevation 1,047. The most fertile and productive land was in the 
valleys with only small hillside portions extending beyond the one- 
quarter mile limit. As these portions in most cases would be isolated 
and worthless, it was also agreed to acquire those containing not more 
than 40 acres when the owner desired to sell. This was later inter- 
preted to be the limit of purchase rather than the extent to which it 
was necessary to acquire land. 

The acquisition of lands immediately beyond the flowage line was 
justified by a combination of several reasons. To have bought only 
to the flowage line would have caused payment of large severance 
damages which would have about equaled the cost of taking addi- 
tional lands. This was particularly true in the cases where the pro- 
ductive farm lands were largely within the flowage area. It also 
permitted a larger degree of local erosion control to reduce reservoir 
silting and served as a protection against possible damage claims 
resulting from changed ground water conditions. 

Establishing 4 Taking line.” 

It became necessary to make careful studies of the many miles of 
shore line to apply this general purchase authority, fiach tract 
which appeared likely to be affected by the reservoir was studied. 
Property surveys made mostly from aerial maps were used in con- 
nection with the aerial photographs viewed under a magnifying 
stereoscope. Usually these maps and photographs together with addi- 
tional information furnished by surveyors were sufficient for deter- 
mining the purchase boundary. The many other factors considered 
included : 

Cost of roads to serve isolated tracts. 

Effect on social and economic conditions. 

Soil erosion conditions. 

Passible recreational and scenic value. 

Pool levels and flood frequencies. 

Land values versus severance damages. 

Levee protection possibilities. 

Mosquito control problems. 

Nature, extent, and probable value of mineral deposits. 

Authority’s legal liability. 
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Land purchases under the general authority. 

In a small number of eases, perhaps 5 percent, it was found that the 
desired land could be acquired and that the remaining property would 
be capable of continuing as a farm unit as in the past with perhaps 
a small expenditure on road replacements. Where such conditions 
existed, severance lines were placed on the property and only a por- 
tion of the tract was acquired. 

By far the largest portion of the land acquired fell within the 
general purchase authority. The most serious land purchase problem 
was the flooding of roads and the almost prohibitive cost of their 
replacement, especially for small areas. For those isolated properties 
wliich could be bought more cheaply than roads co them could be 
built and which were beyond the Authority’s authorized buying limit, 
special action by the Board of Directors was requested. 

In most of the reservoir the 1,017 contour was included within the 
land purchases. Yet, because of probable infrequent flooding, it 
appeared advisable to stop land purchases short of where this contour 
closed along flat tributaries and m the upper reaches of the reservoir. 
In these sections small parts of farms extending below the 1,034 con- 
tour (top of gates) were not acquired if their purchase would have 
caused large severance damages. Approximately 274 acres of such 
lands below elevation 1,035 were not acquired- This land is distributed 
among 137 tracts — an average of about 2 acres per tract. In addition 
to being proportionately expensive, the acquisition of these parcels 
of land would have reduced the already small amount of cultivable 
land and would have in many cases divided a farm unit. Further study 
in connection with actual operating conditions, however, may reveal 
the advisability of small additional purchases in these lower areas. 

Purchases requiring special Board action. 

As previously mentioned, it was cheaper to buy certain isolated 
properties outside the buying limits than to build new access facili- 
ties for them. In a few cases, however, where the cost of acquiring 
the land was slightly more than the cost of providing access, the 
land was purchased because of other considerations. In each such 
case it was necessary to prepare brief reports with sketch maps for 
Board approval. The most outstanding of this type was the penin- 
sula between the Powell and Clinch Rivers where some 14,300 acres 
were acquired in lieu of bridge and road construction. 

Purchase of lands for other definite purposes required separate 
Board resolution. Included in this group were lands for experi- 
mental work, the town of Norris, the Norris town water supply, 
watershed, freeway right-of-way, and the Coal Creek storage yards. 

Total land purchase approvals. 

The following tabulation shows the division of land purchase ap- 
provals. All of the first item, “Purchased under general authority,’ 7 
is reservoir land, while the last three items were approved for other 
uses as indicated : 


Purchased under general authority 73. 9 

Small isolated peninsulas and single tracts 6. 2 

Central peninsula area O- 4 

Lands for special uses 10.5 


Total 100.0 
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The following table showing the acres of land involved by the 
Morris project indicates that only 19,840 acres of cleared land, about 
13 percent of the total land purchased, will be submerged. Not all of 


this was used for farming purposes. 

Acres 

Pool area at elevation 1,020 34, 200 

Area between original river banks 2, 913 

Area submerged outside original river banks 31, 287 

Wooded area prior to TVA clearance work 11, 447 

Cleared area prior to TVA clearance work 19, S40 


LAND ACQUISITION AND EASEMENTS 

Approximately 152,000 acres of land were purchased in connec- 
tion with the Norris project. Of this property, 94.17 percent was 
acquired by voluntary transfer; 1.46 percent had to be condemned 
for title reasons; and 4.37 percent had to be condemned because of 
refusal to sell at the appraised values. 

Organization. 

The land acquisition organization was divided into three natural 
sections — appraisal, buying, and title. These sections were respon- 
sible for the acquisition of all interests in real estate required by 
the Authority. 

Appraisal section , . — A careful study was made by the TVA board 
of appraisal and review of each area to be acquired, and elassifica 
tions and evaluations of the various types of soils and improvements 
were established. With the previously prepared property map, 
appraisers went over the properties with the owners, preparing 
detailed appraisal reports. These reports were carefully reviewed 
by the chief appraiser and the board of appraisal and review, which 
fixed the final price to be offered for the property. The prices fixed 
by the appraisal section were turned over to the buying section for 
negotiation. 

Buying section . — Negotiations were made by the buying section with 
the owner for a contract for purchase and sale of the property at the 
price fixed by the board of appraisal and review. No price-trading 
was permitted to enter into the negotiations, and the property could 
not be purchased above or below the figure set by the hoard of 
appraisal and review. All efforts were directed towards convincing 
the owners of the fairness of the price offered as a result of an 
impersonal, impartial appraisal by a competent appraisal staff, 
familiar with local property values. 

Title section . — While the appraisal work was proceeding, abstracts 
of titles were made under the supervision of title closers. Contracts 
for each tract were turned over to the title section ; and a title closer, 
after clearing all defects in title, would report in regard 'thereto 
and, if favorable, would request the issuance of a check for payment 
of the purchase price. Upon receipt by the title closer of the check 
for payment, the transaction was closed and the deed for the property 
recorded. Transactions were usually closed within 30 days after 
execution of the contract. 

Acqpaisition policies. 

The appraisal procedure was designed to fix a uniform price for 
elements of value in the same class. The standards of measure fixed 
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were such that the lands were acquired at prices which would enable 
the owners to relocate and re-establish themselves in situations which 
would afford them contentment equal to that which they previously 
enjoyed. 

Landowners were permitted to remove such improvements as were 
not needed by the Authority, the appraisal taking into consideration 
such salvage value. Owners were also permitted to remain on the 
land until possession was needed by the Authority. Surrender of pos- 
session was fixed during the winter season so that there would be no 
liability for growing crops. 

Although it was the policy of the Authority to acquire the unen- 
cumbered fee of the property needed, an exception was made where 
there were outstanding mineral rights in properties lying above the 
flood level of the reservoir, iso attempt was made to acquire such 
mineral interests, which, of course, resulted in certain economy to 
the acquisition program as well as avoided retarding any mineral 
development in the area. 

The non-price-trading policy was not applied to the acquisition of 
easements, as the small considerations involved in acquiring such 
rights did not warrant the expense of incorporating this type of 
acquisition under the appraisal procedure. 

Condemnation proceedings. 

For titles which were not entirely clear but which could be made 
clear by filing a bill in the State courts, this method was used. How- 
ever, in certain instances, titles were in such condition that they 
could not be cleared through any ordinary procedure, in which event 
the properties were condemned. When it was finally determined that 
a property could not be acquired by voluntary transfer, it was re- 
ferred to the Authority’s legal staff for condemnation, the land 
acquisition organization being responsible for providing the evidence 
of value, both through members of its own staff and through outside 
disinterested parties. 


Table 92. — Land purchases in fee and land easement purchases for Norris project as of 

Sept. 30*1938 



Tracts 

Acres 

Land cost 

Improve- 

ments 

Total cost 

Average 
cost pei 
acre 

Distribution of land pur- 







chases in fee: 







Reservoir 

2,734 

141, 770. 06 

$4, 684, 436. 03 

$2,960,975. 51 

$ 7 , 645, 411.54 

$53.93 

Norris freeway i 

53 

272.28 

16,248.11 

2, 705. 00 

18,953.11 

69. 61 

Distribution of land easement j 




purchases: 







Highways i 

234 

! 230.084 

18, 888. 98 

16,955.95 

35.844.93 

155. 79 

Flowage. _ _ _ : 

5 

1 36.18 

2, 860.00 


2,860.00 

79. 05 




Total 

3, 026 

142, 308. 604 

4. 722, 433. 12 

2,980,636.46 | 

7, 703,069.58 

j 54. 13 


Note. — T he above totals exclude 32 tracts in process of condemnation and 145 tracts in and around the 
town of Norris. 


Land acqpiired. 

An analysis of the total land acquired for the Morris project is 
shown in table 92. As of September 30, 1938, a total of 2,787 tracts 
containing 142,042.34: acres was acquired at a cost of $7,664,364.65 
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including improvements; and a total of 239 tracts or rights was 
acquired for the highways and flowage easements containing 266.264 
acres at a cost of $38,704.93 including improvements. The average 
reservoir tract was 50.5 acres and cost $31.51 per acre for land and 
$20.17 for improvements. These prices are slightly higher per acre 
for land and improvements than were paid in the lower main river 
reservoirs. Although land for the main river projects was about 30 
percent more expensive than for Norris, the improvements were only 
about $5 per acre as compared to $20 for Norris. The greater density 
of population in the Norris Reservoir resulted in the higher im- 
provement value; also, the tracts were only about half as large and 
the percentage of resident owners was much higher. 

The total land acquisition cost for the land and rights shown in 
table 92, including surveying, mapping, land purchase control, ap- 
praising, buying, condemnation proceedings, and title closing, 
through June 30, 1938, amounted to $1,037,170.54. 

PREPARATION OF RESERVOIR FOR FLOODING 

The preparation of the reservoir for flooding presented unique and 
difficult problems because of the mountainous region and the per- 
sonalities involved. Much planning was necessary, and legal basis 
for making policies had to be established. This was particularly 
true with respect to family removal and cemetery relocation. How- 
ever, this work progressed in an orderly manner with all work being 
completed on schedule. Close cooperation necessarily existed be- 
tween the agencies performing the work, and at times an exchange 
of duties was made. 

FAMILY REMOVAL 

Only a very little established precedent was available for guiding 
the program of removing families and personal property from pur- 
chased land. The TVA program was based largely upon the re- 
sults of the questionnaire made late in 1934 and discussed in some 
detail in chapter 2. In many instances persons selling lands va- 
cated them as provided in the Authority’s contract — free of all per- 
sonal property. As was expected with 2,899 rural families in the 
purchased area, most of whom had lived in the same locality for 
generations, there appeared to them insurmountable difficulties in 
finding suitable relocation sites. Many families moved to tempo- 
rary homes pending settlements of land claims, not knowing what 
financial resources would be available for permanent homes. Own- 
ers had but little knowledge of available sites, and it was difficult 
for them to find desirable land within their ability to purchase. 
Also, some were antagonistic toward the Authority’s program, al- 
though very few refused to cooperate in any removal plan. 

Many strange and complicated problems were presented. One prop- 
erty owner insisted that the Authority agree to allow his pet frog to 
remain in a spring where it had lived since its tadpole days. Some of 
the largest property owners felt that the Government was forcing them 
out of their rightful homes for a new civilization in which they had 
little interest. Luke their pioneer forefathers who chopped their 
way through heavy forests to settle this country, a small group of 
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them considered the possibility of leaving the United States and 
establishing a nev colony in Brazil. Efforts to persuade some of the 
families to relocate in lower and more productive land or in other 
sections met with little success — the mountain families did not wish 
to become “lowlanders.” A great majority preferred to find homes 
in similar surrounding regions. 

Out of the 2,899 families living on lands purchased in the reservoir 
area, tenant families constituted about 41 percent. These tenant 
families presented the greatest relocation problem, since they re- 
ceived no payment for land and, as a result, to them moving was 
especially difficult because of meager financial resources. With 
over 140,000 acres of land taken out of cultivation, they were forced 
either to move long distances or to relocate into areas where pro- 
ductive lands were already somewhat overpopulated. 

The cost to a given family for transporting household goods to a 
new location ranged from about $10 to $300 or more ana averaged 
about $75. The median family paid about $50, and it should be 
noted that the reputed per capita annual spendable income for this 
area in 1935 was but $90. 

Such problems as these were recognized and provision made for 
solving them by the TVA Act as amended in 1935. 

Family relocation service 

A relocation service was established 5 in cooperation with the Uni- 
versity of Tennessee Agricultural Extension Division to assist the 
affected families in locating and contracting for new homes. How- 
ever, there was a number of families who could not be served by 
this advisory assistance, chiefly because of their economic poverty or 
imcooperative attitude. The progress of the dam construction and 
danger of floodwaters necessitated more specialized removal service. 
Consequently, the Authority established a supplementary family 
removal service in September 1935 to deal with special problems and 
to cooperate with all interested agencies in the removal and reloca- 
tion of the 1,016 families who still remained in the purchase areas. 

The TVA staff consisted of 10 to 15 social case workers who were, 
in general, persons having previous social work experience and who 
were familiar with local conditions. This organization functioned 
chiefly as a service agency to establish the proper contacts between 
individuals and resources. This included referring the families to 
agencies likely to give aid and assistance, encouraging agencies to 
assist in the readjustment of families, and giving advice to families 
in making use of their own resources. The relationship of individual 
families to the different sources of possible assistance is shown in 
figure 238. 

Emergency removal preparation. 

After the closure of the dam had been made, in the fall of 1935, 
water could be released only through the eight discharge conduits. 
Even with all available discharge outlets open, a heavy rainfall 
would have caused a rise of many feet within a few hours, especially 
in the lower part of the reservoir. Some of the families who had 


8 Authorized in see. 4-L of the TVA Act as amended in 1935. See Appendix J. 
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not moved were therefore in danger of being flooded in the event 
of heavy rains, and emergency removal preparations had to be made. 

One cruiser and several boats were kept in readiness at the dam. 
Emergency equipment such as tents, stores, cots, and camping equip- 
ment was secured through the United States Army and stored at the 
dam. A survey of the families living below elevation 940 was made, 
and the most feasible emergency routes to these homes were de- 
termined. Arrangements were made with C. C. C. camps near the 
reservoir to feed families who would he tented nearby should high 
water cause them to leave their homes hurriedly. Plans were made 
with many families whereby with a few hours 5 notice they would 
move to homes of neighbors above the danger level. Fortunately, 
emergencies did not actually arise which endangered life or property. 

Methods employed. 

Information was secured regarding the families remaining on TYA 
land until September 1935 and a grouping was made according to their 
removal and relocation needs. Tenant and owner families contacted 
by the Authority were each divided into five classifications as shown 
below : 

Resources of families in orris Reservoir area September 1935 



Owner 

Tenant 

Total 

Farm families with adequate resources. _ _ 

388 

179 

567 

Nonfarm families with adequate resources . . _ 

31 

105 

136 

Farm families needing assistance - _ _ _ _ _ _ 

78 

140 

218 

Nonfann families needing assistance . __ 

6 

39 

45 

Families totally dependent upon assistance . _ _ . __ 

6 

44 

50 


Total. 

509 

507 

1, 016 

! 



Upon making contacts, workers counseled with the families, dis- 
cussed their problems, and helped them in every possible way to make 
use of all known resources. Many were referred to local cooperating 
agencies for aid ; transportation to find new’ homes was offered to 
some; while to others trucking facilities, tents, and salvaged building 
materials were offered through the family removal organization. 
Threats of legal eviction were made to a very few; 5 families of a 
total of 2,899 were forced through court action to vacate. The mate- 
rial assistance given may be summarized as follows : 


Number of 
families 

AM from Resettlement Administration 39 

Temporary loan of tents 45 

Receiving salvaged building material 72 

Tracking service for moving 156 


Close cooperation existed continually between the Authority’s 
reservoir family removal organization and the University of Ten- 
nessee's relocation service. In addition to relatives, neighbors, and 
friends of the reservoir families, other agencies cooperated as shown 
in figure 2S8. 

Results accomplished. 

The first concern was the removal of families from the zones to 
foe flooded, and by April 8, 19S6, all families had moved from below 
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elevation 1.020. As the area above this elevation was not in immedi- 
ate flood danger, family removal from it was gradual. By the spring 
of 1938. all of the 2.899 families had moved to new homes. The 
following shows the approximate resettlement locations: 

Percent 


Within the same five counties 62 

Adjoining Tennessee counties 20 

Other Tennessee counties 11 

Adjoining Kentucky counties 4 

Other localities 3 



Red Cross Resettlement 

Relocation Service Administration 

County *».nt SgStSK' 

national Reemployment _ . , 

Service Federal Farm Loans 

Relative 

Friend 

Church 

Civic Organizations 
Home Demonstrator 
Health Unit 


County Court 
Red Cross 
Community Chest 
Save the Children Fund 
Civic Organizations 
Parent -Teacher 
Association 
Relative 
Friend 


Works Progress 
Administration 
Civilian Conservation 
Corps 

National Youth 
Administration 


Veterans Administration 
Social Security Act 


Figure 238 . — Agencies assisting in family removal - 


Cost of removal service. 

The total TV A cost of the family removal service in all its phases 
was approximately $241,000 — an average of about $83 per family 
moving from the reservoir. The service rendered the majority of the 
families consisted chiefly of guidance and cooperation rather than 
material assistance. Included in the total cost are payments made 
under a contract with the University of Tennessee Extension Division 
and payments under trucking contracts for moving 103 families. 

RELOCATION OF CEMETERIES 

One of the unique features of the construction of Norris Dam was 
the disposition of more than 5,000 graves affected by Norris Lake. 
This presented an extremely difficult and delicate problem due to the 
large number of graves involved and the religious and family senti- 
ments of the inhabitants of the reservoir area. 

Several hundred small family cemeteries on privately owned land 
and numerous church and community cemeteries were scattered 
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Figure 240 . — Representative of the poorer houses . 

Although this was the largest known project of its kind ever 
undertaken, the work was finally conducted to the general satisfaction 
of all concerned and entirely free from litigation. Figure 241 shows 
representative views of the work. 


throughout the reservoir area. Most of the graves were unmarked, 
and many of them were very old — dating back before 1800. The 
people living in the valley maintained an unusual reverence for these 
graves, even the unknown and unmarked ones. 








Figure 241 . — Disinterment cemetery (above) and reinterment cemetery (below). 

that the removal should be made in accordance with the wishes of the 
nearest of kin, and that after relocation the Authority should have 
no f mt her obligation for care or upkeep of the relocated grave. 

In accordance with this policy, contracts were prepared covering a 
choice of three procedures which were offered to the nearest relatives : 


RESERVOIR ACTIVITIES 


Relocation policy. 

It was agreed that the Authority should bear all reasonable ex- 
pense of moving graves from the flooded areas below the 1,030 con- 
tour and from isolated areas to comparable burial places nearby. 
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1. The grave would be removed by a private undertaker of the 
relatives’ choosing who would be paid by the Authority at the rate 
of $20 per grave. 

2. The Authority would move the remains to the site selected by 
the relative. 

3. The grave would be allowed to remain as it was and be inundated 
by the Morris Reservoir. 

" The greatest majority chose to have TVA forces make the removal. 
Of the total contracts obtained, only 22 were for allowing the graves 
to remain and be inundated; 341 were for removal by private under- 
takers; and 4,885 were for removal by TVA forces. 

There were over 7,600 graves in cemeteries located along the 
margins of the lake which might be isolated although not submerged. 
Removals from such cemeteries were to be made entirely by the 
Authority’s forces. A notice was distributed throughout the area 
advising the residents that removals from these cemeteries would be 
made upon request. When such requests were received, it was first 
ascertained whether or not the graves would actually be inaccessible, 
and in all, 836 removals were made from these isolated cemeteries. 

Members of the churches having cemeteries affected by the creation 
of the reservoir felt that all of the several hundred unmarked graves 
which could not be identified should be moved. In all, 790 unidenti- 
fied graves were relocated, of which 304 were unknown as to individ- 
ual name but were identified as to family. 

Surveys and identification. 

Surveys were made of all cemeteries in the area, detailed plane-table 
surveys being made of those below elevation 1,030. 

Flats were made of each disinterment and reinterment cemetery 
which show each grave location and number. The grave number and 
cemetery number are shown on all file records for easy reference. 
Two complete sets of all cemetery plats together with an index map 
were bound and filed with the grave removal records in two per- 
manent depositories which are described later in the chapter. 

Only a few of the original graves were marked with inscribed 
headstones, which made identification work difficult and required ex- 
treme care. Detailed questioning of the residents, checking of every 
clue, and the assistance of church representatives were combined to 
fix the identity of the graves. It was usually necessary to take the 
nearest of kin to the cemetery to identify the graves. 

Reintermen t cemeteries. 

Many churches decided to join together and establish memorial 
cemeteries. This was accomplished by turning over to a board of 
trustees the proceeds from the sale of their original cemetery lands. 
With such funds, several tracts of land were purchased for new ceme- 
teries. Reinterments from cemeteries of churches contributing to 
these funds were allowed free of charge ; other reinterments were al- 
lowed upon payment of 50 cents for each grave. These memorial 
cemeteries and the number of reinterments were : 

Baker SVarge Memorial 
Mew Doistas Memorial 
Btg Barrel* Memorial _ 

Indian Creek Memorial 
Mew Indian Creek 


1,879 

1,093 

948 

308 

161 
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These 5 cemeteries provided for the reinterment of 4,389, or 84 
percent of the total. The other reinterments were made in 89 small 
private and church cemeteries. 

Relocation method. 

Relocation of graves by TV A forces was conducted in a simple yet 
dignified manner. Workers were enlisted from the local area and in 
all cases were required to show proper reverence in the performance 
of their work. 

The remains of burials more than 10 to 12 years old usually con- 
sisted of^ little more than the large bones of the body, a little dust, 
some articles of jewelry, and fragments of clothes or shoes. Usually 
the caskets more than 10 to 15 years underground were practically 
decomposed except for the nails or other metal parts. If possible 
the caskets were removed from the grave intact and placed in new 
boxes. When this was impossible, the remains, including all bones, 
dust, articles of jewelry or clothing, and any remaining parts of the 
original casket, were carefully placed in the new casket m the same 
position as found in the grave. An inventory was made of the re- 
mains and all articles found in each grave. Inexpensive wooden 
boxes were used as reinterment caskets- A few metal caskets were 
found intact, most of which had been furnished by the Government 
for burial of World War veterans. 

The head end of the casket was marked, and all reinterments were 
made with the head toward the west in accordance with the custom 
of the people of the area. A simple metal grave marker with card 
insert was placed at the foot of each grave for temporary indenti- 
fication. 

All markers or monuments from the original graves were moved. 
These included inscribed headstones and footstones, native hand-cut 
stones, stone fragments and natural rock without inscriptions, wooden 
markers, and fences. Skilled stone workers were employed to handle 
the relocation of all large monuments. 

Reinterment services were held when requested, hut this was sel- 
dom. The nearest of kin were offered transportation to the ceme- 
teries to witness^ removal and reinterment by TVA forces. Fre- 
quently the relatives requested other persons to witness the reinter- 
ment for them. 

There were no cases where special care or protection was required 
to prevent contracting diseases, and no ill effects were suffered by 
the men performing the work. 

Grave and cemetery records. 

Detailed records kept in duplicate of all work in connection with 
each grave and cemetery included the following information: 

1. Identification information and history of grave, including photo- 
graphs of tombstones or markers that were indicative of identifica- 
tion. 

2. Agreement for removal or to allow the grave to remain. 

3. Reinterment data, including identification and inventory of 
remains. 

4. Record of original and reinterment location, including cemetery 
plats. 
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One set of these records is filed in the TYA library in Knoxville 
as a permanent Government record, and a duplicate set is available 
to the public at the University of Tennessee library in Knoxville. 
A record of all removals was also furnished the State Health Depart- 
ment as required by the special regulations for the grave removals. 



Table 93. — Summary of cemetery relocation data and costs as of Dec . 31, 1937 


Relocation data 

Submerged 

area 

Marginal 

area 

Total 

Cemeteries located __ . 

107 

107 

107 

4,405 i 
4,383 
22 

203 

125 

31 

7,600 

843 

310 
232 
138 
12, 005 
5,226 
22 

Cemeteries surveyed 

Cemeteries in which graves were disinterred. 

Graves located _ _ 

Graves relocated „ 

Graves left to be submerged _ 

Relocations by undertakers 


341 

4,042 


341 

4,885 

Relocations by TVA. forces 

843 

Total graves relocated i 

4,383 

843 

5,226 

Reinterment cemeteries: 

Memorial (4,389 grave reinterments) 



5 

89 

Others (837 grave reinterments) _ 






Cost of relocation work 

Total cost 
exclusive of 
general expense 

Cost per 
grave 

Preliminary work: Investigations, surveys and maps 

$35,535.38 

i$e.8o 

15.05 

20.00 

15.39 

22.19 

Removal work: 

73,613.98 i 
6,820.00 

By tmderiaifcers <841 graves) _ . _ 

Total removal work _ __ 

80,433.98 

Total reioe&ticm cost.. . _ 

115,969.36 



* Coat of surveying and mapping 12,005 graves divided by 5,226 gra ves actually removed. 
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Cost of cemetery relocation work. 

To complete the entire program it was necessary to survey approxi- 
mately 12,000 graves, 4,400 in submerged and 7,600 in marginal area, 
at a cost of $35,535.38. Table 93 shows the total cost of removals 
to be $80,433.98, making the average cost per grave $15.39. It is 
interesting to note that the grave removals by TV A forces cost less 
than those by private undertakers. 

REMOVAL OF FORESTS, FENCES, AND STRUCTURES 

Clearing the reservoir of forests and structures presented the usual 
and expected clearing problems. The mountainous area to be flooded 
was heavily and thickly timbered and the valleys were narrow with 
steeply sloping sides. Some 2,000 independently owned areas were 
cleared. The clearing of hedgerows and clusters of trees in pastures 
and around homes about equaled the timber cleared which stood in 
solid blocks of woodland. Hardwood timber of many species pre- 
vailed, sometimes in the virgin state. 

It was decided that all of the brush and timber between elevations 
1,020 and 940 be completely cleared by cutting and removing, or 
burning. In the area below elevation 940 the timber that projected 
above elevation 940 was to be felled and wired in place. The work 
was completed well in advance of rising water in the 26 months be- 
tween February 1934 and April 1936. No fatal accidents occurred 
in connection with clearing operations. 

Reservoir clearance organization. 

The clearing work was directed from an office in Knoxville, Tenn. 
A superintendent, working from a field office in the area, was in direct 
charge of the clearing activities. A chief field clerk, reporting to the 
superintendent, was in direct charge of clerical work, such as time- 
keeping, pay rolls, bookkeeping, and handling of warehouse supplies. 
Time checkers, in addition to checking time, acted as contact agents 
between the various units and a centrally located warehouse. 

The superintendent had 2 assistants to supervise clearing and 1 
assistant in charge of timber conservation and burning. Standard 
clearing units consisted of 60 men under the supervision of a unit 
foreman. The units were divided into 3 groups: first, a bush and 
ax group cleared the area of brush and small timber; next came a 
saw group which felled the heavy timber ; and finally, the last group 
piled the timber for burning. The work of each of the groups was 
supervised by a subforeman. A saw filer assigned to each unit kept 
the edged tools in good condition. The saw filer also served as clerk 
in charge of a small “field box library” s containing a maximum of 
about 50 volumes. These books, containing the best type of reading 
matter, were changed at frequent intervals. Each clearance unit 
formed a complete organization and worked independently. 

Mobile first-aid stations were maintained and a safety instructor, 
fully familiar with the hazards of the work, was selected from among 
the unit foremen to conduct safety work. 

*Mmm, R. Russell, Saw Filers and Book Boxes , Library Journal, 60: 720, Sept. 15, 
1935. 

355813 — 40 34 
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Method of operation. 

At the peak of operations 1,100 men were employed, practically 
all of whom were recruited from the immediate region. The work 
was diYided into 4 major operations: regular clearing, clearing along 
stream banks, clearing below the draw-down, and burning of debris. 
A few crop damage claims occurred because the former owners were 
permitted, under the terms of purchase and sales contract, to occupy 
and cultivate their lands until December 1935. These were held to 
a minimum and the aggregate amounting to only $810.65 was sur- 
prisingly small. 

Regular clearing . — In the draw-down area, the area between eleva- 
tions 940 and 1,020, clearing consisted of cutting, piling and burning 
or removing all timber and debris. 



Figure 243 . — Field box library. 


Clearing along stream banks . — This work was done with the aid 
of a 4-ton truck, equipped with a winch and niggerheads. Trees 
that had fallen into streams were thus . drawn out for conditioning. 

Clearing below the draw-down area . — Timber which projected 
above elevation 940 was cut and wired in place. No. 8 black an- 
nealed iron wire and %-ineh and %-inch stranded black iron wire 
were used to anchor the timber to stumps. 

Burning of debris . — All of this work was done by force account. 
A definite hazard resulted from burning operations and for this 
reason they were kept under careful control. Before burning any 
aim, the upper edge was carefully raked and patrols were stationed 
at strategic points with fire-fighting equipment. In emergencies, 
aassfeano© was given by the surrounding units. In burning more 
than 18,000 acres, less than 50 acres of woodland above elevation 
1,020 wear© burned. 





Figure 244 . — Mobile first-aid station. 

Reservoir by manufacturers’ representatives, revealed that their clear- 
ing costs were about double the costs of unit crew methods used by 
the Authority. The scheme failed because of unpredictable diffi- 
culties and delays experienced in handling cables and getting the 
trees to a ride” up the pile without gouging into it. 

A power unit was necessary for pulling large trees out of streams 
into which they had been felled. The most powerful and practical 
equipment found for this work was tractors equipped with booms 
and stiff -legs developed by the Authority for the Wheeler Reservoir. 
Unfortunately these crawler-type, slow-moving machines could not 
be used in the Norris Basin which required extremely mobile and 
fast-moving equipment. Therefore a 4-ton truck equipped with a 
drum and winch was used. 
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Use of machinery. 

Machinery was not used extensively in clearing tins reservoir, 
partly because of the region and partly because of the limitations of 
machinery. The steeply sloping banks with only a narrow strip to 
be cleared along either bank did not lend themselves to the use of 
ordinary clearing equipment. Power saws were carefully investi- 
gated but were not used as it was felt that they had not been developed 
sufficiently. 

A proposal was made to use skidders in some of the flatter regions. 
This machinery with the aid of tractors was to draw untrimmed, 
felled trees from a 2- or 3-acre tract into a centrally located large 
pile for burning. Tests of such equipment, made in the Wheeler 
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Obstacles encountered. 

The steep mountain sides made clearance work both difficult and 
hazardous. At times men were suspended by ropes over cliffs to cut 
timber. More than 50 percent of the clearing had to be done on 
lands before titles were secured. To do this, permission had to be 
obtained from the owners who frequently requested that fences be 
left and that orchard and certain shade trees be left uncut. All such 
requests were complied with, necessitating a follow-up program after 
the lands were purchased. This follow-up work began in December 
1935 after other clearance work was completed. Several crews of 
from 15 to 25 men each, operating from trucks, covered the entire 
area and removed the remaining trees, fences, and buildings. 

Occasionally clearing forces were ordered off the lands at the point 
of guns. In most of these cases the superintendent was able to settle 
the matter amicably and arrange for clearance work to proceed. 

Impoundage of the reservoir began on March 4, 1936, and a fleet 
of small boats was organized to dispose of the flotage that might 
occur. This flotage, however, amounted to less than 1 percent of 
the cleared material. The efforts of this organization were engaged 
entirely in removing quantities of drift that had been swept into the 
reservoir by run-off waters from above the 1,020-foot contour. 

Merchantable timber. 

Before an area was cleared, an estimate was made of all merchant- 
able timber that might be made available. Such timber was cut into 
stock lengths by the clearance forces, later to be manufactured into 
lumber by contract mills selected on a competitive basis. This lum- 
ber was used for TVA construction purposes. Timber that could 
not be used_ by the Authority was offered for sale and sold in the 
log to the highest bidder. The following quantities of timber were 
utilized from the area: 

USED BY TVA SOXB TO OUTSIDE PARTIES 

Lumber — ft. board meas — 4, 555, 458 Logs log-scale measure 40, 506 

Cedar posts number — 102, 605 Pulpwood cords 7T 

Cedar poles do 2, 981 Dogwood do 20 

Pine logs do 3, 025 Oak and cedar logs number™ 283 

Shingle boards do 60, 500 

Fences and buildings. 

In addition to completing the removal of trees left for various 
reasons, the clean-up crews completed the removal of all buildings 
and fences. Although each former owner was permitted to remove 
his buildings prior to December 1935, many structures in dilapidated 
condition were left. Approximately 4,000 old buildings and building 
foundations had to be cleaned up and burned. Structures left on 
condemned property were advertised for sale and removed by pur- 
chasers. However, the foundations of these buildings had to be 
cleaned up. 

Production and costs. 

The man -days per acre required for clearing the wooded areas 
were as follows: 
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DRAW -DOW X AREA j BELOW DRAW-DOWN AREA 

(13,732 acres) j (4,961 acres) 

Cutting and piling 16. 2 Cutting 2. 8 

Burning 2. 5 j Burning 0. 2 

| Wi ring 6. 3 

Total man-days per acre 18. 7 1 * 

i Total man-days per acre 9. 3 

The total direct cost for reservoir clearance amounted to 
$1.140.358.32 — $1,094,027.86 being for labor and $46,330.46 for ma- 
terials and depreciation. Special studies revealed the clearing cost 
per acre to be approximately as follows: 


Cutting , piling , and burning in the draw-down area 

Labor $64.23 

Materials and depreciation 1. 62 

Reservoir clearance overhead 6.49 


Total cost per acre. 


72. 34 


Cutting , burnings and wiring below the draw-down area 



Cutting 

Burning 

Wiring 

Total 


$12. 12 
.53 
1.25 

$0.66 

$21. 26 
4.79 ! 
2.57 

$34.04 
5. 32 
3.88 

Materials 

Reservoir clearance overhead.. i 

.06 

Total cost per acre ... 

j 13.90 

[ .72 

28.62 j 

43.24 



ARCHAEOLOGY 

The archaeological surveys and excavations conducted in the Norris 
Reservoir area were made in an attempt to bring to light before the 
flooding of the reservoir detailed evidence of prehistoric occupation 
which might be valuable in solving some of the many archaeological 
problems of the southeastern United States. Such an investigation 
was deemed necessary because it was felt that the early Indians had 
used these rivers for highways and might have left important traces 
of their life in the section. 

The first step in the preservation of the prehistoric material was 
taken early in December 1933 at a conference attended by representa- 
tives of the Authority, the University of Tennessee, the University 
of Alabama, and the United States National Museum. Tentative 
plans were made and work was begun in January 1934, continuing 
until July of the same year. This work was under the direction of the 
head of the Department of Anthropology and Archaeology at the 
University of Kentucky. The survey revealed 23 sites showing defi- 
nite evidence of prehistoric occupation. With the use of Civil Works 
Administration labor and State-financed relief workers, 20 earth 
mounds, 9 stone mounds, 4 village sites, and 7 - caves at the 23 sites 
were investigated. Of these 29 mounds, 12 were burial mounds and 
37 were associated with prehistoric structures. Evidences of 54 struc- 
tures were found, 20 of which were thought to have been dwellings 
and 34 designated as “town houses.” Seven of the town houses had 
suffered incomplete combustion and collapsed, after being reduced to 
charcoal. 



518 


THE X ORRIS PROJECT 


All of the artifacts recovered were deposited at the University of 
Tennessee for study and photographing. The skeletal material was 
shipped to the Department of Anthropology and Archaeology at the 
University of Kentucky for restoration, study, and report; and 
samples ox potsherds from all sites were sent to the ceramic repository 
of the University of Michigan for study and report. The results of 
these studies and a detailed description of each site form a compre- 
hensive report that has been issued as Bulletin 118 7 by the Bureau of 
American Ethnology. 

The work in the Norris area indicates that at least two new culture 
complexes were discovered and their material culture traits Avere 
established. Of particular significance in working out these traits, 
known as those of the “large-log” town house and the “small-log 55 
town house peoples, were the remains of prehistoric buildings identi- 
fiable by imprints or molds of the original posts as left in the various 


V 


Figure 245. — Archaeological survey. 

layers of the mounds. In some instances even parts of the logs them- 
selves were recovered.. It is possible that with the aid of dendro- 
ehronological comparisons, made with the annual rings of the oldest 
living trees of the same species in this region and from logs taken 
from old buildings in the neighborhood, the chronological periods 
in which these people lived may be identified. 

It has been possible to identify three classes of civilization in the 
area, one low in cultural development and two well up in barbarism. 
For the latter two it was possible to establish cultural traits. These 
are grouped in the following sections : 

Small-log town house people . — These people built extensive villages 
having rectangular dwellings of small logs covered with cane and 
thatch over which they often placed a coat of earth. On the 
of these houses were found raised square clay platforms from 
2 to 6 inches above floor level. Four circular fire basins were usually 

J WeMi, JVill tnja &, An Archaeological Survey of the Norris Basin in Eastern Tennessee, 
haU- 118, Bur earn of American Ethnology, 1938. 
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found on these square platforms indicating ceremonial significance. 
A. clay seat of two steps erected at one end of the building constituted 
a place for the presiding officer. Woven and plaited matting upon 
which the participants sat in council covered the floors of these struc- 
tures. There was evidence that these people practiced agriculture, 
cooked food,^ wove textiles, and made shell-tempered pottery. The 
method of disposal of the dead was not found as no cemeteries or 
burial places could be located. 

Large-log town house people , — These people also built extensive 
villages with rectangular buildings and rectangular town houses. 
Logs as large as 14 inches in diameter were used in their construction. 
Apparently these people did not burn their houses ceremonially as 
the small-log town house people seem to have done. Neither did 
they use square altars or fireplaces or construct clay seats. Instead 
they used a circular fire basin. They made a distinctive type of 
pottery and often buried their dead in pits dug in the floor of the 
town house. In such pits the body was placed in a sitting posture, 
usually accompanied by a great store of artifacts. The grave pit 
was covered with clay and the clay floor of the town house restored 
and its use continued. Evidently only notables received such burials 
in town houses. The majority of the people doubtless were buried 
in cemeteries; however, all traces of such cemeteries in the Norris 
Basin have been destroyed by intensive cultivation. 

HIGHWAYS AND RAILROADS 

The creation of the Norris Reservoir necessitated adjustments 
of utilities, highways and railroads, and telephone and telegraph 
lines, amounting to $3,156,179.57 for total direct costs, the principal 
adjustments being for highways and railroads. Much negotiation 
was necessary, resulting in some cases in compromise figures for 
adjustments, but in no cases were litigations necessary. For each 
adjustment a contract was executed by the Authority and the agency 
or utility affected covering the adjustment to be made. 

HIGHWAY S 

Highway adjustment contracts were made with the^ State of 
Tennessee and the counties of Campbell, Claiborne, Grainger, and 
Union. Adjustments in most cases consisted of relocation of the 
highways affected which in some cases increased the length of travel 
between communities. In most instances, however, a road of better 
standards was built to compensate for this additional distance. In 
each of the contracts it was stated that for the considerations made 
the Authority would have no further liability or maintenance claims 
for highways being inundated. 

It was found more economical to buy certain isolated farms above 
the taking line than to construct access roads to them. This was par- 
ticularly true in the central peninsular region between the Clinch 
and Powell Rivers. 

Table 94 shows the state and county highways affected and relocated 
in the reservoir area. 
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Table 94 . — State and county highways affected in the reservoir area 


State highways: 

Highways affected 

Reconstructed by TV A. 

Reconstructed by State 

Total direct cost 

Comity highways: 

Highways affected 

Reconstructed: 

Principal county roads 

Tertiary roads 

Adjustment for release of flood liability.. 
Bridge removals 


$1, 018, 318.09 


Total direct costs.. 



Figure 246 . — Principal highivay bridges. 

State highways. 

jSome of the State highways to be relocated were of inadequate 
width and had obsolete alignment. Although the Authority’s oblige - 
tion extended only to the replacement of similar roads, it was agreed 
by the Authority and the State that it would be undesirable to recon- 
struct on the same standard. The contract with the State, therefore, 
provided that on certain roads the Authority would construct roads 
of greater width and higher standards of alignment, and that in 
compensation for the extra expense, the State would reconstruct cer- 
tain sections of flooded road at its expense, and would release the 
Authority from responsibility for all of the highways that were 
flooded- A part of the Authority’s work and expense was to secure 
all necessary rights-of-way for the * construction of state highways 
to be relocated by either the Authority or the State. Minimum road- 
f.&y elevation was 1,030. Minimum paving width was 18 feet on 
highway's and 24 feet on main bridges. Rights-of-way were a mini- 
mum of BO feet in width for main roads and 60 feet for secondary ones. 
Of the 16.5 miles reconstructed, 1.3 were surfaced with concrete, 10.6 


§852 8§ 
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with bituminous top on a 6-inch waterbound macadam base, and 4.6 
with traffic-bound gravel. 

The most important bridge constructed is tlie Clinch Hirer Bridge 
on Tennessee State Highway 83. It had a total length of 1,915 feet 
and the direct construction costs amounted to $349,795.04. The prin- 
cipal bridges that were relocated in the area, as shown in figure 246, 
for state highways were : 


Location 


Type bridge 


Xumber Leng th 

spans feet 


Buiit by the Authority: 

Highway 33 at Clinch River I 

Highway 9 at Cove Creek 1 

Highway 9 at Does: Creek 

Built by the State of Tennessee: 

Highway 63 at Daakes Creek 

Highway 66 near Sneed ville 

Highway 32 at Big: Sycamore Creek. 
Highway 32 at Indian Creek 


I Steel trusses with concrete approaches J 

do... J. ! 

do 

Concrete box 

Concrete deck girder I 

do — I 


4 1,915 

3 162 

2 j 108 

5 242 

2 23 

8 212 

5 132 


County highways. 

As explained previously, many of the inundated county highways 
were abandoned. Studies were made to balance properly the cost of 
relocation against lands that might be purchased, and in many cases 
it was found to be more economical to purchase additional land than 
to build a road to it. This was especially true with tertiary roads 
serving only one or two farms. All agreements with counties were 
based on the general principle of replacing the existing facilities as 
nearly as feasible either by raising or relocating. Although in some 
instances the new roads necessitate longer travel, they provide the 
residents with improved highways which compensate for the addi- 
tional distance. 

The Authority made surveys, prepared plans, secured necessary 
rights-of-way, supervised construction, and removed existing bridges 
where necessary. The completed highways were turned over to the 
counties with no further responsibility for upkeep or maintenance by 
the Authority. 

In addition to the relocation of highways in "Union County, a set- 
tlement of $141,000 was made because of the number of highways 
and bridges that had to be abandoned. This settlement permitted 
the county to retire the outsanding highway and bridge bonds on 
facilities that were flooded. 

All county highways were constructed to a minimum elevation of 
1,028, with roadbed widths varying from 10 feet for minor tertiary 
roads to 20 feet for principal county roads. The surfacing was bitu- 
minous treated or traffic-bound macadam or gravel. A few minor ter- 
tiary roads were not surfaced and varied in width from 10 feet for 
the narrowest tertiary roads to 18 feet for principal county roads. 
They were constructed to a minimum elevation of 1,030. Forty-three 
reinforced concrete culverts were constructed in sizes varying from 
4 by 3 feet to 22 by 18 feet. The alignment and gradient of the tertiary 
roads followed in general the existing ground. - 

_ Where possible, abandoned bridges were re -erected at relocation 
sites where new bridges were needed. 
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Table 95 . — County bridge construction 


Road location 

County 

! 

Number 
of spans 

Length 

Roadway 

width 



4 

Feet 

2S6 

Feet 

15 
14 
12 
18 

16 
18 
18 

"PrfrrvrHy.Oftftar Onpfilc 

__do - 

5 

355 

'NJVktohy OrfiftTr 

Grainger — - 

1 

60 

nr»,r»trf»r Omfitr 

do - 

1 

63 

TTop'KTri'n OrftpTt 

do 

1 

160 

Sharp*? OTiapftl * _ 

Union - 

1 

63 

TVo . _ 

do._ — 

1 

45 





Fifteen timber bridges were also built, most of which were on 
tertiary roads. 

Table 96 . — County highway construction 


County 

Principal 

county 

roads 

Tertiary 

roads 

Total 

Campbell 

Miles 

36.3 
7.6 

12.3 
8.1 

Miles 

8.2 

8.0 

.4 

7.2 

Allies 

44.5 

15.6 

12.7 
15.3 

Claiborne . _ _ 

Grainger _ „ 

Union 

Total- 

64.3 

23.8 

88.1 



Bridge removal. 

Those bridges which when flooded would have affected navigation 
during normS operation pool elevation were removed by the Author- 
ity. As stated previously, where possible, they were moved to other 



Figure 247 . — Location of highway relocation work. 


locations to be reused. Those not used were given, to the county from 
which they were removed. A total of 33 bridges was thus removed 
at k cost, exclusive of indirect construction expense, of $26,583.09. 

The demolition of three concrete bridges was carried out by the 
Corps of Engineers, the United States Army Engineer Board having 
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Figure 248 . — Typical new state and county highway bridges. A. Clii 
State Highway 33. B. Little Barren Creek Bridge, Peninsula Road. 
Bridge * State Highway 9 . D. Notchy Creek Bridge , Henry's store to S 
E. Hogskin Creek Bridge* Black Fox Creek Road . F. Cedar Creek j 
Cedar Creek Road . 
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requested the use of the structures for making comparative tests on 
the effect of various types of explosives used in military demolition. 
The largest of these was the Walker’s Ford Bridge built in 1921 on 
the Hickory Valley road between Maynardsville and Lone Mountain 
and consisted of eight 60-foot concrete arches carrying a 16-foot 
roadway. The Sill Bridge of similar construction crossed the Clinch 
River on the road between Loyston and Sharp’s Chapel, Tenn. It 
consisted of four 88-foot arches and had a roadvray of 14 feet. The 
smallest of the three was the Loyston Bridge, located in Union 
County, between Loyston and La Follette, consisting of two 156-foot 
open arches and had a roadway width of approximately 15 feet. 8 

RAILROADS 

The creation of the reservoir necessitated adjustments on two 
branch lines of the Southern Bailway and on one line of the Louis- 
ville & Kashville Bailroad. The complications that arose required 
much planning and negotiation with railroad officials and resulted in 
individual compromise agreements in each case. Among other fac- 
tors, studies were made of the traffic on each branch line of the 
Southern Bailway to determine whether the line should be abandoned 
or to what extent relocations were economically justified. 

The railroad officials at first maintained that the Authority should 
bear all expense and that the work should be entirely in accord with 
their plans and specifications. From a legal standpoint, however, it 
appeared that the railroad should bear the expense of crossing navi- 
gable streams. The Clinch Biver was considered navigable, and since 
raising a bridge across it was a considerable part or the work, the 
question of responsibility for relocation expense became quite in- 
volved. The negotiations were further complicated by the fact that 
lines of these twn railroads were also affected by the concurrent con- 
struction. of the Wheeler Reservoir, and the railroad officials insisted 
upon completing arrangements satisfactory to them in both reservoirs 
before entering into contracts for any adjustments. Much negotia- 
tion was necessary to determine the elevation to which relocation 
should be made ; and it developed that each new line, principally be- 
cause of usage, was built to a different minimum elevation. It was 
agreed that relocated lines should be the equivalent of the existing 
ones as to curvature, grade, and roadbed, although the new roads were 
actually somewhat superior to the previous ones. It was also agreed 
that trains must not be delayed while the work was progressing. 

^ The total direct costs of all railroad relocation and adjustment are 
given below : 


Southern Railway relocation $884, 361. 15 

Louisville & Nashville Railroad relocation 108, 598. 26 

Total direct costs 992, 959. 41 


Middlesboro branch of the Southern Railway. 

This line, between Knoxville, Tenn., and Middlesboro, Ky., is single 
track of second-grade railroad construction. Although traffic was 
not heavy, the line served a wide area. Relocation of it, therefore, 

* Engineering News-Record, 116 : 806—807, June 4, 1936. 
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The Authority paid all expense of relocation and the railroad 
accepted elevation 1,03S for the lowest point in the roadbed and 1,037 
for the lowest point of steel on bridges as adequate protection. It 
was considered that a clearance of 16 to 20 feet above the crest of 
the spillway would be adequate for navigation. The actual clearance 
is about 17 feet. 

Plans . — The selected location eliminated a considerable loop of 
the existing track by means of two tunnels totaling 910 feet in length, 
one south of the Clinch River and one north of Big Sycamore Creek 

Two bridges with a total 
length of 1,429 feet were re- 
quired to replace existing 
structures which were too 
low. One was across the 
Clinch River and the other 
was across Big Sycamore 
Creek. About 3 miles of 
new track were required and 
the line was shortened by 
2,758 feet. The old and new 
locations are shown in figure 
250. The three 150-foot deck 
trusses of the old Clinch 
River bridge could not be re- 
used, so new structures were 
designed of 100 -foot deck 
girders on solid masonry 
Figure 250 . — Old and new location of Middles piers. The same type of 

boro branch of Southern Railway. Structure Was also USed f Or 

the Big Sycamore Creek 
crossing. This design, although providing more durable images anu 
less^ curvature and grades, was the most economical that could be 
devised. The Southern Railway requested the Authority to prepare 
all plans and specifications and to supervise the construction work. 
Accordingly, detailed plans were made and became a part of the con- 
tract before construction work began or before invitations to bid were 
published. As the time before flooding was short, the Authority built 
by force account the foundations for the two bridges as well as all 
other drainage structures. Work was planned so that immediately 
after the contract was signed work actually began on the pier founda- 
tions and invitations to bid were distributed. The contract for grad- 
ing and tunneling was awarded to Nello L. Teer of Durham, A. C-, 
and the fabrication and erection of the two bridges was awarded to 
the MeClintic-Marshall Corporation, a subsidiary of the Bethlehem 
Steel Corporation. 

Construction . — The severe and unusual winter and unanticipated 
slides delayed construction considerably. For a while it appeared 
that this construction work would delay the filling of the reservoir. 
However, traffic was diverted on April 10, 1936, 12 hours before the 
old track was flooded. A supplementary contract was let to McClintic- 
Mmrshall Corporation to remove the steel superstructure of the old 
Clinch River bridge so as not to interfere with navigation. Time 
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clid not permit complete salvage of the spans arid they were left on 
the bed of the river. The plate girders of the Sycamore Creek 
bridge were inundated but later salvaged when the lake was drawn 
down sufficiently. 

Costs . — The total cost of the relocation work was as follows: 


Work done by TYA forces .$329, 133. 53 

Nello L. Teer 413 , 258. 88 

MeClintic-Marshall Corporation 111, 2S8. 26 

Southern Railway Co 30,680.48 


Total direct construction cost $8S4, 361. 15 


Maintenance . — The contract between the Authority and the South- 
ern Railway provided for maintenance work on the fills by TV A 
for 2 years after the water reached elevation 1,020. As the water 
first reached this elevation on J anuary 23, 1937, the period of mainte- 
nance extended to January 23, 1939, and an estimate of $30,000 per 
year was set aside for this purpose. During the first year, after 
the water was around elevation 1,020 for about 9 months, only $593.34: 
had been spent for maintenance. During the spring of 1937, un- 
expected conditions, not likely to occur more than once in 25 to 50 
years, brought Norris Reservoir to 1,031.07. After this flood had 
receded, an inspection of fills revealed no damage. Therefore, fur- 
ther maintenance should be negligible. At some future date, should 
the reservoir rise above 1,034: due to closure of the gates, the Author- 
ity is liable by contract for reimbursing the railroad for any dam- 
age that may occur. 

Louisville & Nashville Railroad, 

The main line of the Louisville & Nashville Railroad between 
Knoxville, Term., and Cincinnati, Ohio, is single track of first-grade 
construction, and carries heavy passenger and freight traffic. It 
crosses Cove Creek, an arm of Norris Reservoir, as shown in figure 
251 on a 595-foot steel viaduct. The construction problems here 
were relatively simple as compared with the Middlesboro branch 
line of the Southern Railway- Work consisted only of supplying new 
foundations and partially rebuilding the existing steel viaduct. 

Plans and negotiations . — As the existing concrete pedestals of the 
trestle would be entirely inundated and not open to further repair, it 
was deemed necessary to rebuild them entirely and carry the concrete 
above the pool elevation of 1,020. A factor that helped reduce the 
final adjustment but which complicated the negotiations was the si- 
multaneous negotiations being made with the Southern Railway for 
abandoning their Vasper-La Follette branch. This is described 
later. 

The contract stipulated that the Authority was to bear all the cost 
of the construction work to be done. The railroad prepared the plans 
and specifications and supervised the construction work. 

Construction . — The contract for work was awarded to W. W. Box- 
ley Co. The maximum continuous time allowed for replacement of 
steel without interrupting traffic was less than 3 hours. The new 
piers were constructed between the existing pedestals and were car- 
ried to a point where they would support three 100-foot steel girder 
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spans carrying the track. Girder spans were constructed on false- 
work parallel and adjacent to the existing spans. The supports for 
the old spans were cut with acetylene torches and removed with loco- 
motive cranes. The new assembled spans were rolled into position 
and raised to proper alignment. Four spans were placed in this 
manner with traffic at no time being held up more than a few minutes. 

Costs . — The total direct 


■ = — == ■ - ■ -■ — = " ^== =1 cos t of this relocation work 

: a - . - - v » uF 3 iLEn was $108,598.26. The Louis- 

I, y yille & Nashville Railroad 
/ j took advantage of the con- 

i J?' struction contract to fill out 

■ Js one end of the reconstructed 

I ^ jf steel viaduct at its own ex- 

pense, but the other end was 
\ Mlasn left on existing steel strue- 

\ tures. No maintenance work 

was involved as the work 

-4 r \J?' s y/i was well above high water 

. and not in danger of flood 

; - ■- JX £i=* damage. 

ji UjS ( Yasper-La Follette branch 

Vt K\ of the Southern Railway, 

! This branch of the Soutli- 

~ era. Railway was a short 

Figure 251 .--Location of Cove Creek brid{ of single-track line running be- 
JLoutsvule & Nashville Railroad and aban- j. -xr t t tt* i 

doned Jasper-La Follette branch of Southern tween Vasper and La rol- 
Rcdhcay. lette. It might be classed as 

second- or third-grade rail- 
road construction with sharp curves and fairly steep grades. It was 
built chiefly for carrying coal, and, as this business bad diminished 
in later years, maintenance work had been largely deferred. Traffic 
was so small that there was grave doubt as to the justification of the 
existence of the road. Two consulting engineers, specialists on rail- 
road economics, confirmed the Authority’s conclusions that the branch 
line was losing money and it would be to the best interests of the 
Southern Railway to abandon it. 


In the meantime, the Authority, in negotiation with the Louisville 
& Nashville Railroad for an adjustment at Cove Creek, worked out 
an arrangement whereby that railroad agreed to carry the traffic of 
the Vasper-La Follette branch at a price quite advantageous to the 
Southern Railway. The proximity of the two lines is shown in 
figure 251. Automatic signals and new connections between the 
lines at Coal Creek and La Follette would have been necessary. The 
Authority was to stand the expense of this work, estimated at $50,000. 
The Southern Railway, however, finally objected to using a competi- 
tor’s track, and these negotiations never materialized. 

After considerable negotiation a settlement was reached whereby 
the Authority paid a lump sum of $125,000 in lieu of all damages. 
The railway deeded to the Authority a portion of its right-of-way 
on this line, the most valuable part of which was the station and 
siding at La Follette. The road was used until high water covered 
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the tracks late in 1936. Abandonment of this line was formally 
granted by the Interstate Commerce Commission on January 22, 1937. 

There is still some dissatisfaction on the part of a few shippers 
who suffered because of abandoning this line. These may in time be 
adjusted, however, as the_ Authority stands ready to deed to the 
Louisville & Nashville Railroad the right-of-way acquired from the 
Southern Railway so that the Louisville & Nashville Railroad can 
establish service to these shippers. 

RELOCATION OF ELECTRIC POWER, TELEPHONE, AND 
TELEGRAPH LINES 

Liability for damages in connection with telephone, telegraph, and 
power lines arising from the construction of Norris Lam, although 
not amounting to^ large sums, was very involved and required con- 
siderable negotiation. In no case, however, were condemnation pro- 
ceedings or other litigations required. Amounts decided upon were 



Figure 252. — Communication and power lines that were relocated - 


in most cases compromise figures adjusted for conformity with rea- 
sonable estimates and the Authority’s liability, but all agreements 
were reached without any semblance of coercion. The contract in 
each case provided that the company would protect its property from 
flood waters of Norris Reservoir and waive all claims for damage 
arising from such flooding in consideration of payment received. 

Clearances over the reservoir for telephone, telegraph, and low- 
voltage distribution lines were set at 30 feet above normal pool 
elevation; and clearances for high-voltage transmission lines were set 
at 67 feet above normal pool elevation. In most cases the companies 
preferred to make the necessary adjustments with their own forces 
rather than have the Authority perform the work or let it by contract. 

The total adjustments of the six companies amounted to $18,250. 
The adjustment required for each line is discussed separately and 
figure 252 shows the geographical location of the lines affected. 

155813 — 40 35 
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SOUTHERN BELL TELEPHONE & TELEGRAPH CO. 

This company had lines crossing the reservoir in two locations that 
were flooded : 

1. The Corbin-Knoxville line crossing the Clinch River near Walk- 
ers 7 Ford, which involved the relocation of about 2 miles along Flint 
Creek and Bear Creek. 

2. The Danville-Knoxville line at Caryville which involved the 
relocation of about a mile and a half of line along Cove Creek. 

The Authority paid the company $7,241 and in consideration was 
released from all claims for damages. The^ cost of the submarine 
cable crossing the Clinch River was not considered a liability of the 
Authority, and this cost of approximately $1,000 was borne by the 
telephone company. The work was completed and approved early 
in 1936. 

WESTERN UNION TELEGRAPH CO. 

A telegraph line, parallel to the Middlesboro branch of the Southern 
Railway, was located below the pool level for about 2 miles near the 
Clinch River crossing. Since the line was on the railway right-of- 
way, the telegraph line adjustment depended largely upon plans for 
the relocation of the railroad. Negotiations and plans for the adjust- 
ment of the telegraph line were therefore developed simultaneously 
with the plans and agreement with the Southern Railway Co. 

Original plans were to make a temporary relocation of a portion of 
the line to permit construction of the railway to proceed and later to 
make permanent relocation of the line. Estimates for these two phases 
of the work were made and compared favorably with the preliminary 
estimates. However, by combining the two phases a considerable sav- 
ing was made, and the final cost was $6,192.16. The entire work was 
completed prior to flooding of the reservoir. 

TENNESSEE ELECTRIC POWER CO. 

The Tennessee Electric Power Co. transmission line between Coal 
Creek and West bourne, which crossed Cove Creek near Lovely’s Mill, 
was affected by the Norris Reservoir. This line was a 66,000-volt, 
3-phase line with 2-pole H -frame structures. It was necessary to re- 
locate about 1 mile of line including 28 structures. 

Plans and estimates of cost of the relocation were agreed upon and 
arrangements made for the power company to do the work on a force 
account basis, submitting detailed bills to the Authority for payment 
in accordance with procedure followed on other work previously done 
for the Authority. The line was relocated on land owned by the 
Authority, for which a right-of-way was granted the power company, 
who in turn quit-claimed all rights they had in Authority land where 
the line was abandoned. The final cost of the work amounted to 
$3,682.51 and was found to be satisfactory after checking. 

After notification by the Authority, the power company relocated 
a distribution line paralleling State Highways 9 and 63 at Caryville 
for a distance of several hundred feet where it was affected by the 
Caryville Lake. In the notification to the power company, the Au- 
thority disclaimed all liability for the cost of this relocation ; however, 
after its relocation the power company presented the Authority with 
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a bill amounting to $1,159. 1 4 to cover the cost of the work. The posi- 
tion taken by the Authority regarding its liability for this relocation 
has resulted in no settlement being made of this claim, 

SHOWN TELEPHONE CO, 

This privately owned telephone line extended from the Southern 
Bell Telephone Co.’s line near La Follette to a point near Agee on the 
Powell River, a distance of about 8 miles, and served eight sub- 
scribers. The reservoir flooded the land at two places for a total 
distance of about 2 miles; and in addition, several miles of the line 
were rendered useless because the connected parties were bought out 
by the Authority in acquiring reservoir land. The Authority paid 
the telephone company §640 to cover all damages and cost of reloca- 
tion, including settlement for the abandoned section of the line ; the 
company thereby released the Authority from all claims for damages 
arising from the construction of Norris Dam. 

ROSENBALM AND BUNION TELEPHONE LINE 

Near Lone Mountain, Tenn., there was a small privately owned 
telephone line about 2 miles in length which was not in use and was 
also in need of repair. During the relocation of the Southern Rail- 
way at the Clinch River crossing by the Authority, it was found 
desirable to use this telephone line in furnishing telephone service to 
the Authority railroad construction forces. Arrangements were then 
made for purchasing the line outright and repairing it for use by 
the construction forces. Thus two requirements of the Authority 
were settled at once. 

POWELL VALLEY TELEPHONE LINE 

This privately owned telephone line parallels Highway 63 from 
a point near La Follette to Wells Springs, a distance of about 9 
miles. Sections of the telephone line and the highway were located 
below the pool level and their relocation was required before flooding 
of the reservoir. 

The creation of the reservoir required relocation at three places for 
a total length of less than 1 mile. These adjustments were taken 
care of by the telephone line owner following lump sum payment by 
the Authority. 

BACKWATER ADJUSTMENTS 

Even though the Norris Reservoir had a shore line approximately 
equal to that of Lake Michigan, only two small towns — Loyston and 
Caryville — were affected by floodwaters. The former was completely 
inundated, and about one-third of the latter would be affected when 
the reservoir level was at, the top of the spillway gates or higher. 
Being in a mountainous region, free from major industrial develop- 
ments, the project was also spared backwater protection adjustments 
to industrial plants. 

LOYSTON 

Loyston, an unincorporated town of less than a hundred people* 
on State Highway No. 61 in Union County, was so located that pro- 
tection against floodwaters was beyond the remotest possibility. The 
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entire town, consisting of a few country stores, churches, schools, and 
homes, was bought outright in the manner provided for other reser- 
voir property acquisition. Most of the inhabitants in the town moved 
about 4 miles south on the same highway and formed a new com- 
munity known as New Loyston. 

CARYVILLE 

Description of the town and the problem. 

Oaryville is an unincorporated town in Anderson County, 35 miles 
from Knoxville, just off United States Highway No. 25 which con- 
nects Knoxville and Cincinnati. It is situated on Cove Creek, now 
an arm of Norris Lake, and has a population of 1,100. 



Figure 253. — CaryvilLe , Term. 


A water elevation of 1,011 or more would have flooded a portion 
of Caryville. As the top of Norris Dam gates was to be at elevation 
1,034 with possible floods even higher, it was certain that Caryville 
would be troubled with reservoir water backing up Cove Creek. 
Substantial readjustment in the town and roads leading to it was 
necessary. Also, the fluctuation, of the water level in the reservoir 
would expose unsightly mud flats which would depreciate property 
values. 

Considerable study was given to the problem in a desire to provide 
better rather than worse conditions as a result of the Norris project. 

The only industry in the immediate area is coal mining, and the 
coal deposits appear to be sufficient; for about 100 years 5 supply at the 
present rate of consumption. 

The street layout is shown in figure 253. About 3,000 feet of 
street were flooded with the reservoir at elevation 1,020, about 8,500 
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feet with the reservoir at 1.035, and about 10,400 feet at elevation 
1.044. The estimated value of real estate and land values within the 
town below elevation 1,025 was $56,400; below elevation 1,035, 
*135,300: and below elevation 1.041, $174,500. 

In making the studies, it was necessary to consider possible local 
floods from Cove Creek as well as backwater from Norris Reservoir. 
This creek drains 35 square miles, and floods from it have caused 
substantial damage. 

Preliminary plans. 

The first approach was to consider outright purchase of all lands 
affected by the greatest possible reservoir level. However, since this 
would be quite expensive and would remove from use lands that 
would seldom be needed, it was discarded. Another plan was to 
construct a dam across Cove Creek of sufficient height to shut out 
backwater from the lake with conduits to pass the Cove Creek flow 
during low reservoir levels. During high reservoir levels the Cove 
Creek flow and drainage from Caryville was to be pumped into Norris 
Lake. The cost of this scheme, approximately $650,000 was prohibi- 
tive. Another scheme, also prohibitive in cost, was to relocate Cove 
Creek, building a dike to protect the town. 

Adopted plan. 

The plan adopted 9 was to raise the main street of the town to eleva- 
tion 1,030, to relocate the main highway near the town to elevation 
1,035, and to acquire flowage rights over nearly all land within the 
town below elevation 1,040. To prevent the unsightly conditions 
during draw-down periods and to provide a lake for recreational 
purposes a dam was built across Cove Creek about 1 mile below the 
town to maintain a normal pool level at elevation 1,022. 

Elevation 1,040 is 6 feet higher than the top of Norris Dam spill- 
way gates; and, with the proposed operation of Norris Reservoir, 
it is expected that water will reach this elevation at Caryville very 
rarely and only at the time of extreme flood conditions. A study 
during the 50-year record of gaging stations on the Clinch River 
fails to show any instances where such an elevation would have been 
reached. 

More than 70 structures, including the Caryville public school and 
the First Baptist Church, were demolished or moved to higher ground. 
A new street of about 2,000 feet was built near the west side of Bear 
Creek. State Highway No. 63, which formerly was the main street 
in the town' and United States Highway No. 25, which adjoined the 
town, were relocated as a part of the general highway adjustment 
made by the Authority. The property acquired was purchased in the 
manner described earlier in this chapter under “Land Acquisition.” 

Caryville Lake. 

The dam for the creation of Caryville Lake is located 1,000 feet 
below the junction of Cove and Dog Creeks, about 1 mile below Cary- 
ville. ^ At the site the drainage area is 36.7 square miles. With water 
elevation at 1,022 the lake has an area of about 250 acres in the por- 


9 Draper, Earle S., TVA Replans a Town, The American City, January 1936. 
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tion immediately adjacent to Caryville. The surrounding land cover- 
ing a somewhat larger area has been leased to the State of Tennessee 
for park development purposes, and is discussed further in chapter 8. 

Caryville Dam. 

The dam is concrete and of the gravity overflow type, composed of 
an ogee section with short nonoverflow sections on each side. The 
spillway is designed to discharge 14,000 cubic feet per second with 
water at elevation 1,027. Transverse joints about 30 feet apart exist 
between 9 sections. Each joint has a copper water stop near the 
upstream face, and tongue and groove keys. 





Figure 254 . — Plants elevation , and sections of Caryville Dam. 

A manually controlled discharge conduit for lowering the lake 
is provided. An elliptically shaped gate tower is built onto the up- 
stream face of the dam to house a 24-inch Chapman sluice gate and 
to provide for an intake grillage and grooves for stop logs when 
repairs are necessary to the gate. Two-foot dashboards are pro- 
vided in four sections to be normally used at the crest of the dam. 
To prevent the boards from floating away at times of floodwater, 
they are strung on steel cables anchored to the dam. The pins hold- 
ing the boards are so spaced that when a flood reaches elevation 
1,025, 3 feet above the top of the boards, the sections will progressively 
raise out, the section at the south end going first. 

The dam was constructed by the Authority using force account 
methods. Eetting the job by contract was not advisable because of 
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the shorty time available and tlie necessary close coordination, of its 
construction with the relocation work in and near Caryville. It 
was authorized October 29. 1935, and was completed on April 21, 
1936. A maximum of 156 men. 7 foremen, and 1 superintendent 
was employed. 

A timber trestle was built at elevation 1,022 from bank to bank 
on the upstream side of the dam and a concrete mixing plant was 
built on the north bank where the construction plant was laid out. 



Figure 255 . — CaryvUle Dam — During and after construction. 


Sand and gravel purchased in Knoxville was shipped by rail to 
Jacksboro, trucked to the job, a distance of about 2 y 2 miles, and 
dumped into bins on the hillside. It was loaded by cranes into a 
hopper above the batcher. Cement was delivered in paper bags 
to the weighing and batching platform, utilizing a chute from the 
roadway above. Concrete was carried from the mixing plant by a 
truck operating along the construction trestle. On this truck was 
mounted an elevated hopper from which concrete was dumped to 
the forms through chutes to be vibrated in place in the forms. 
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The stream was diverted through a prepared channel along the 
south shore by a cofferdam which provided for the excavation of 
six blocks of the dam. Upon completion of these foundation blocks 
in the stream bed, the stream was turned through a 36-inch square 
culvert in the dam and the south section was cofferdammed for 
excavation, foundation treatment, and concreting. 

The construction of the dam necessitated the excavation of 2,910 
cubic yards of earth and rock at a direct cost of $8,969.17, the 
drilling of 465 linear feet of grouting holes, the pouring of 3,587 
cubic yards of concrete, and the placing of %-ton of reinforing steel 
in the outlet tower. The total direct cost of the dam was $60,068.69. 

SAFETY ACTIVITIES 

Early in 1934 an intensified safety program was organized to 
promote safety in this vast work spread over such a wide area. The 
size of reservoir clearance activities, and the potential dangers re- 
sulting from the work being conducted in many widely spread areas 
by small units, required a safety insjDector who devoted Ms full time 
to this phase of the work. 

The table below shows the frequency rate of accidents per million 
nmn-liours of exposure and the severity rate of days lost per thou- 
sand man-hours of exposure 10 for reservoir clearance operations 
starting February 1934: 


Year ending— 

Frequency- 

rate 

Severity 

rate 

June 30, I934_ 

163.4 

9.99 

June 30, 1935. _ __ 

149. 8 

6.43 

June 30. 1036 

74.3 

1.62 



Working a total of 2,626,714 man-hours, a total of 375 injuries 
sustained by the reservoir clearance employees was recognized as 
being of service origin. Of these, eight produced permanent partial 
disabilities and 367 were temporarily disabling. No fatal accident 
occurred in clearing the Norris Basin. 

For achieving the lowest frequency and severity rates during the 
year 1936 in a group of five firms of comparable size engaged in log- 
ging operations, Norris Reservoir clearance was designated “Honor 
Roll Company'' by the National Safety Council with special citation 
for having shown the greatest reduction in accident experience for 
the period 1934^36. 

The frequency and severity rates for miscellaneous construction 
activities within the reservoir, starting in October 1933. are given 
below : 


Year ending — 

Frequency 

rate 

Severity 

rate 

June 30, 1934 _ 

35. 7 

3.19 

June 30, 1935 

62! 5 

11. 17 

Jane 30, 1930 

43 9 

2.57 

June 30, 1837 . „ 

16.8 

.25 



* Weighted In accordance 'writli standards of International Association of Industrial Acci- 
dent Boards and Commissions. 
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The miscellaneous construction activities developed an exposure of 
3,921.9:23 man-hours during which 175 injuries were recognized as 
being of service origin. One fatality occurred when an employee was 
burned while trying to start a fire' in a small field office stove with 
gasoline. There were, no permanent total disabilities, but 6 of the 
injuries resulted in permanent partial disability. 

Figure 244 shows one of the two mobile first-aid stations used in 
the Norris Reservoir during the construction period. 
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Chapter 8 


INITIAL OPERATION AND RELATED 
DEVELOPMENT 

Project operations, while relating primarily to the actual operation 
and maintenance of the dam, reservoir, and power plant required to 
fulfill the general objectives of navigation, flood control, and power, 
also concern numerous other less important problems. Among the 
latter are such items as fish and game, forestry activities, land manage- 
ment, and recreation facilities such as parks, boating, and swimming. 

NAVIGATION, FLOOD CONTROL, AND POWER OPERATIONS 

The present method of operating Norris Reservoir is more or less 
tentative in nature, since the entire system of dams to be built by the 
Authority is incomplete. Details of the operation probably will be 
changed as the entire system nears completion and will be modified 
further as experience dictates. 

The Norris project has been in operation since March 4:, 1936, when 
the gates were initially closed and storage of floodwater was begun. 
However, the operations of the project during this period should not 
be considered as normal operations as they were adjusted from time 
to time to assist the downstream construction operations and, because 
all of the water control projects of the Authority had not been 
completed, were further modified to assist river traffic by special 
navigation releases and to assist the other projects in carrying the 
Authority’s electric power load. The reservoir has been used for all 
purposes during three full flood seasons — those in the winter and 
spring of the years 1937, 1938, and 1939 — and part of one flood 
season — that of the spring of 1936 immediately following the closure 
of the dam. Operations have also covered the three low water seasons 
during the summer and fall of the years 1936, 1937, and 1938. 

Since the date the reservoir first began storing water, a number of 
floods have occurred, including one in the spring of 1936 soon after 
the dam was closed. During the floods of January and February 
1937 storage in this reservoir reduced crest stages four different times 
at Chattanooga and other downstream points by amounts varying 
from about 3 to 5 feet, thus preventing considerable damage. These 
operations also were beneficial in protecting the cofferdams at Chicka- 
mauga, Guntersville, and Pickwick Landing Dams. Similar flood 
control benefits have accrued since 1937. 

Likewise, during the three seasons of low flow since the reservoir 
was first utilized in 1936, water stored in time of floods has been used 
to supplement natural flows for the benefit of navigation. Mainte- 
nance of suitable minimum flows and depths on the lower river has 
required the release of several thousand cubic feet per second for con- 
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siderable periods and has made navigation possible at times when 
otherwise it would not have been. 

Power generation at Norris has naturally been at a maximum dur- 
ing the summer and fall when the storage in the reservoir was released 
to augment the low flow in the main river. During the winter and 
spring seasons when water at Norris must be caught and held to fill the 
reservoir, power generation at this plant has been at a minimum ; in 
these seasons when ample water for supplying the Authority’s system 
power demands has been available at the main river dams, the Norris 
generators have been run as condensers to provide voltage regulation. 

The first of the two generators, each of which has a rated capacity 
of 50,400 kilowatts, was placed in service at 10:30 p. m. on July 28, 
1036. and the second went into operation at 2:06 p. m. on September 
30 of the same year. 



Figure 256. — Release of water stored during J anuary -February 1937 flood. Discharge 

30,000 c. f. s. 


The annual gross generation of the Norris power plant from its 
date of initial operation through December 1938 has been as follows : 

Table 97. — Plant generation service data 


Animal output 


Year 

Millions of 
kilowatt- 
hours 

Average kilo- 
watts 

Peak kilo- 
watts 

3836 (6 months) . . . 

85.33 

89.55 

278.25 

19,500 
10, 200 
31,700 

66,000 

51.000 

93.000 

1037 

1835 




PLAN VIEW OF GATES 


Figurk 257 . — Pressures required to raise and loiver slide gates. 

As opportunities are available over a period of years, the actual 
discharge over the spillway for various gate elevations will be cali- 
brated in order to check the operating curves obtained from com- 
putations and from model tests . 1 Preliminary studies indicate a 
rather close agreement between actual and predicted discharges. In. 


1 Sec appendix D. 
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a similar manner the discharge rates of the discharge outlets will be 
calibrated and operating curves prepared. 

Tests were made on the operating equipment for the outlet slide 
gates at several elevations of the reservoir to determine the pressures 
required at the pumps to raise and lower each gate. The results of 
these tests are shown in figure 257. As was expected, the pressures 
were greatest when the seal was broken prior to the raising opera- 
tion, but in no case did the actual pressure exceed the design pressure 
of the pump. 

The personnel required for the operation of Norris Dam and power- 
house is shown on the organization chart in figure 258. In addition 
to the 35 employees listed, guides are provided to conduct visitors 
through the plant. The two apprentice generating plant operators 
are in training for work on one of the various projects of the Authority. 



Figure 258 . — Organization chart for dam and power plant operation . 


VALUE OF NORMS RELEASES AT WHEELER AND 

WILSON 

The States of Tennessee and Alabama are annually allotted sums 
equivalent to a tax on the power produced at the Tennessee Valley 
Authority dams lying within their boundaries. Whenever water is 
released from Norris Dam in excess of the natural flow of the river 
and this additional water is used at Wheeler and Wilson Dams to 
generate power, the tax on the revenue from this power is divided 
equally between the States of Alabama and Tennessee. A determina- 
tion of the amount of water upon which the dividend revenue shall be 
based is made monthly. 

CALIBRATION OF GATES AND SPILLWAYS 
MAINTENANCE OF STRUCTURES 
INSPECTION OF UNITS 

During April 1937 both units were inspected by members of the 
operating staff and engineering and design organizations of the 
Authority to determine visually the condition of the runners and 
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other parts in regard to cavitation and pitting. Runner clearances 
were also checked at this time. Inspection was made from the scroll 
cases through the guide vanes and wicket gates and also from a plat- 
form suspended in the draft tube below the runner. At the time of 
the inspection the east unit had operated 1,475 hours, while the west 
unit had operated a total of 2,444 hours. 

On the east unit no signs of active pitting were evident, although 
a possibility of pitting at a later date was indicated in several places 
where the paint had been removed. The paint had been removed 
along tlie discharge edge of the runner blades, on the inlet edge near 
where the blades join band and crown, and at one point on the runner 
band below the blades. Paint had also been removed from the runner 
blades just below the bars which had been welded between blades to 
eliminate the vibration which had developed. 



Figure 259 . — Cavitation in the west unit . 


In general, on the west unit the same areas as on the east unit had 
been denuded of paint. In addition, there were numerous areas of 
very slight active pitting and cavitation — all being near the discharge 
edge of the runner blades. Active pitting was found in five places 
where foundry faults had been patched by welding. In three places 
pitting was apparent in the parent metal, and in at least two other 
areas this action was evident partly in weld metal and partly in 
parent metal. Figure 259 shows photographs of typical cavitation in 
the west unit runner. It was apparent that the runner of the west 
unit was an inferior casting, and welding of the eroded points was 
done by the turbine contractor just prior to final acceptance of the 
units in October 1937. 

It was found during the inspection of the units that the paint had 
been removed and slight pitting of draft tube liner was developing 
at a spot below and to the right of each rivet head where the draft 
tube liner connected to the speed ring. It was also discovered that 
all of the rivet heads were driven so that the edge of the head to the 
right was not in contact with the surface of the liner. This being 
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the case, the removal of the paint at these points was much more 
pronounced, which seemed to indicate that this condition would have 
a greater tendency toward future pitting. In order to eliminate the 
possibility of cavitation, the rivet heads were ground down to come 
in contact with the metal of the liner. In the speed rings, stay vanes, 
and the spiral casing, no sign of pitting or erosion around rivet 
heads or lapped joints was evident. 

INSPECTION OF DISCHARGE CONDUITS 

During April 1937 the portion of the outlet tubes downstream from 
the emergency gate was inspected. It was found that the concrete 
downstream from the semisteel liners was eroded in several places, 
especially where the surface had been patched or some irregularity 

existed. It was especially 
evident that formed con- 
crete surfaces were much 
more resistant to cavitation 
and pitting than were sur- 
faces that had been finished 
by troweling. Pitting was 
also noticed at a few points 
in the semisteel lining of 
the tubes. 

The condition of the dis- 
charge tubes upstream from 
the gates was checked in 
January 1938 by a diver 
lowered through the open- 
ing in the top of the trash- 
rack structure at a time 
when the gates were closed. 
The diver inspected No. 6 
outlet tube only and found 
the concrete and metal 
parts of the bellmouth and 
tube to be in excellent con- 
dition, free from any active 
erosion or pitting. 

STREAM GAGING 

The Tennessee Valley 
Authority has a coopera- 
tive agreement with the 
United States Geological Survey whereby the latter organization oper- 
ates river gage s and furnishes streamflow records to the Authority. 
Representatives of the Authority inspect recording gages and make 
cheek readings of staff gages. 

In the Clinch Basin above Norris Dam, 11 recording gages are in 
service. The construction of the gage houses is similar for most 
stations; a typical gage is illustrated in figure 260. The most re- 
cently constructed gage is situated about 2,000 feet below Norris 
Dam and furnishes data used in the operation of the dam. 



Figure 260 . — Stream gages in the Norris Basin. 
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GROUND WATER STUDIES 

In order to observe the decree of tightness of the reservoir rim, 
periodic checks are made on the elevation of the water table in the 
terrain adjacent to_ the dam through open core drill holes. The 
amount of leakage is also recorded from core drill holes under the 
dam terminating in the lower gallery. Readings are also made on 
the discharge of springs and the elevation of wells throughout the 
area. Records made prior to the construction period are available 
and serve as a direct check on leakage through the reservoir rim. 
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Figure 261 . — Location of springs and runs . 
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Figure 262 . — Discharge of springs and runs . 

The geologic consultants who examined the Morris Reservoir area 
in 1933 expressed the opinion that because of the limestone character 
of the reservoir foundation it would be more economical to deal with 
any leakage after it was discovered than to attempt an expensive 
exploration which might not locate all possible leaks and yet would 
extend over much unnecessary ground. Accordingly, a _ detailed 
study of ground water discharges in the area below Norris Reser- 

155813 — 40 36 
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voir has been carried on by the Authority. Weirs were placed on 
springs and runs, and a continuous record was kept of their dis- 
charges, so that any flow occurring which could not be attributed to 
rainfall or other known sources could be detected and investigated 
The location of such springs and runs is shown by the map in figure 
261, which indicates the widespread area that is kept under observa- 
tion. The information obtained is presented in the form shown in 
figure 262, which affords an immediate comparison of reservoir 
elevation, rainfall, and discharge from the springs. This study gives 
a comparison of flows in springs and runs after the reservoir was 
filled with flows occurring during natural river stages and furnishes a 
reliable check upon the tightness of the reservoir. 

EVAPORATION STUDIES 

The Authority has maintained an evaporation station about 2 miles 
below the dam since October 23, 1934, to measure the amount of 
evaporation and to secure the data necessary to correlate these meas- 



urements with observed meteorological phenomena. In addition to 
the usual equipment to be found at an evaporation station, this in- 
stallation includes an automatic weighing device that provides a 
continuous record of the water evaporated during the day. 

SILT INVESTIGATTONS 

In badly eroded areas the deposition of silt above a dam is one 
of the chief factors in shortening the economic life of a reservoir. 
The Tennessee Valley Authority recognized that a determination 
should be made of the amount of silt carried by the rivers and of 
the probable amount of deposition in the various reservoirs. 

Studies were initiated early in 1934 to determine data for estimating 
the life of the reservoir, to indicate where protective measures might 
be taken, to furnish a measure of the effectiveness of soil erosion con- 
trol activities and of varions forms of vegetal cover, to obtain data 
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for estimating- the clarity of water at probable recreational sites in 
connection with the recreational development of the reservoirs, and 
to determine the effect on navigation channels downstream and the 
probable amount of dredging required. 


Extent of field investigations. 



During the construction of Xorris Dam, silt samples were collected 
from stations on the Powell River near Agee and Arthur and from 
the Clinch River at Speers Ferry, Tazewell, Loyston, and at Coal 
Creek below the dam. Upon completion of the dam the stations 
at Agee and Loyston 
were drowned out and 
abandoned. Samples 
were also collected from 
"White, Big Barren, and 
Big Sycamore Creeks as 
part 'of an intensive 
study to determine the 
run-off and silt charac- 
teristics for these three 
small drainages selected 
as being typical of the 
local inflow into the res- 
ervoir. 

Before the reservoir 
was completed, about 500 
silt ranges were selected 
in the "reservoir, and 
cross sections were pre- 
pared for comparison in 
the future with cross sec- 
tions taken along the 
same ranges after a suf- 
ficient time has elapsed 
for the accumulation of 
silt. 

Manner of collecting 

silt samples. 

During the course of 
the silt investigations, 
numerous attempts were 
made to correlate the silt 
load of a stream with 
either the velocity or the 
discharge of the river. 

These studies disclosed 

that regardless of the transporting power of a stream, which is 
dependent upon velocity and discharge, the stream can carry no more 
silt than is available. ^ A river at flood stage might carry but little 
more silt than at ordinary stages, depending upon the condition of 
the ground. The only way in which this amount can be determined 
is by periodic sampling. 


Figure 264 . — Silt sampler. 
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Present sampling practice requires the use of a streamlined trap 
open at both ends -with a means of closing both ends simultaneously 
at any desired depth in the river. This sampler, shown in figure 264, 
was developed by the Authority’s engineers. A pull on the trip cord 
snaps both ends shut, trapping a sample of water. The sample is 
poured into a pint bottle and transported to the laboratory at Norris 
for analysis. Samples are generally collected at top, mid-depth, and 
bottom from several vertical sections, the number depending upon 
the width and discharge of the stream. 

Results. 

Results of laboratory analyses are then correlated with the stream 
discharge to determine the number of acre-feet of silt transported 
annually by the stream. These studies indicate that the dead storage 
capacity of Norris Reservoir will not be completely filled by silt in 
less than 600 years. 

MALARIA CONTROL 

As an aid in the control of malaria mosquito breeding, a minimum 
draw-down in the level of the reservoir of at least one-half foot per 
month is maintained from May through September. While this 



measure effectively controls mosquito breeding on the reservoir 
proper, equipment is provided for larvicidal measures if these should 
be necessary. Equipment provided for control by larvicidal measures 
includes 24 oil supply tanks filled with larvicidal oil located at 
strategic points about the reservoir and 8 inboard motor boats 
equipped with gasoline-driven pumps for pumping a mixture of oil 
and water. Two 70-gallon tanks in each boat serve as reservoirs for 
larvicidal oil. Oil spray boats normally operate with a 2-man crew 
and can distribute 150 to 200 gallons of oil per day. A 16 -foot launch 
is used for inspection of control work. 

During the first few years of reservoir operation practically the 
only larvicidal work necessary in the Norris area was on the constant 
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level pools such as at Cove Lake at Cary vi lie. Big Ridge Lake, and 
the fish rearing ponds located about the reservoir. However, it was 
necessary at this time to begin a shore line clearing program in order 
to remove growth that had appeared since the completion of the 
reservoir clearing operations. This work also included the removal 
of drift that had become stranded along the shore line and presented 
breeding places for mosquitoes. 

Drift removal and shore line clearance has required between 3 y 2 
and 6 man-days per _ mile of shore line. These figures covered the 
initial program required after initial flooding of the reservoir, and 
a reduction of work should be effected upon completion of the initial 
work. 

Inspections for mosquito larvae are made along the shore line to 
determine the extent of _ mosquito breeding and the need, if any, 
for application of larvicides or other control measures. Mosquito 
catching stations are maintained at numerous points near the reser- 
voir and serve to check the effectiveness of the malaria control 
program. 

Since mosquito work is highly seasonal, a program has been 
developed so that the employees in the forestry work will have more 
nearly year-round employment. In this program an experienced 
crew is maintained working on mosquito control from May to Sep- 
tember and on fire control and similar work for the rest of the year. 

RELATED DEVELOPMENT ACTIVITIES 
RESERVOIR PROPERTY MANAGEMENT 

In the management of property acquired for reservoir purposes, 
due regard is given to the fact that these are public properties ac- 
quired in the name of the United States for the purposes stated in 
the TVA Act, and all plans and programs for the use of the properties 
are directed toward carrying out these purposes. Consideration is 
given to the effects of the administration on adjacent properties, in 
order that the purposes of the act may be most effectively furthered. 
All health and safety regulations of the Authority and of the several 
political subdivisions within which these properties are located are 
observed. Properties are maintained so that physical deterioration 
is reduced to a practical minimum and so that the physical state of 
the property is maintained at as high a level as is consistent with the 
state of the property acquired and a reasonable expenditure of funds. 
In addition to these general policies, reservoir property is maintained 
in such a manner that soil erosion is reduced to a point consistent 
with the resulting increase in the effective life of the dam and reser- 
voir. The property is also administered in such a way that on a 
continuing basis operating revenues will equal operating expenses, 
except for expenses incurred in : 

1. Administering malaria control measures. 

_ 2. Administering property used for experiments and demonstra- 
tions as authorized by section 22 of the TVA Act. (See appendix J.) 

3. Providing police and guard service for the dam and hydro- 
electric plant. 

4. Protecting the general public visiting the dam and the hydro- 
electric plant. 
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Kates and fees for the use of the property are designed to secure 
the maximum use consistent with the foregoing policies. 

In order to aid in properly managing the property, a land use plan, 
which is in effect an inventory of possibilities, is being prepared. 
This plan will be used as a background or base map outlining certain 
basic possibilities. It will indicate : 

1. Areas which are not now in forests, which are not needed for 
public or semipublic recreation areas, and which, by topography and 
composition are suitable for agricultural purposes. 

2. Areas which, by reasons of such factors as location, accessibility, 
and scenic resources, are suitable for public recreation development. 

3. Areas which, by reason of location, accessibility, and other 
factors are suitable for semi-public recreation development. 

4. Areas set aside as demonstration and experimental areas. 

5. Areas now in forest and to be reforested which, in the aggregate, 
are to be devoted to the maximum production of forest products on 
a continuing annual basis. 

6. Areas not designated for any of the above uses, which can be 
considered for private use when the demand requires such use. 

EROSION CONTROL AND REFORESTATION 

The control of soil erosion on the protective strip to be acquired 
around the reservoir was recognized as a significant problem by the 
Authority early in 1933. It was evident that a large percentage of 
this strip would have to be reforested to insure maximum usefulness. 
Accordingly, a number of Civilian Conservation Corps camps were 
located on or adjacent to these lands in the fall of 1933. The camps 
have been continued in varying numbers since. In 1938 three camps 
were available for work on the area. 

The TVA-C. C. C. camps are operated jointly by the Authority and 
the United States Forest Service. The Authority furnishes the tech- 
nical supervision of the program; actual supervision of work on the 
job and the actual operations of the camps are handled by the United 
States Forest Service. The camps are available for general water- 
shed^ protection work, but special emphasis is placed on the control of 
erosion and the reforestation of the reservoir lands. 

A.t the time this program was initiated, there was little information 
available as to methods and technique of erosion control suited to this 
region. It was therefore necessary to devote a great deal of time and 
energy to the development of erosion control technique that would be 
practical for use on the Norris area as well as on other reservoir and 
private lands. During the earlier years of this program, the Norris 
Keservoir lands were used as a testing ground for erosion control and 
reforestation measures which have since been applied to other areas in 
the valley. 

During the first 3 fiscal years a high percentage of time of the 
C. C. O. camps was devoted to the construction of the engineering 
structures ana installation of water control measures on the more 
critically eroded areas. During the fiscal years 1936-38 the operations 
consisted largely of reforesting areas in need of planting where the 
erosion was not far enough advanced to require intensive engineering 
treatment prior to planting. 
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In order to provide planting- stock for this area and to provide 
for the needs of other reservoir and private lands the Authority estab- 
lished a forest tree nursery at Clinton, Tenn. This nursery occupies 
147 acres and has an annual production capacitv of approximately 
12.000,000 seedlings. x x 



Figure 266. — Special land uses. 


Table 98. — Summary oj tree planting activities 



Kum- 

Number of trees planted 

Black 

Total 


Fiscal year 

ber of 
tracts 

Black 

locust 

Pine 

Others 

Total trees 

walnut 

seed 

area, 

acres 

days 1 

! 

1934 

61 

667,000 

21,400 

55,900 

744,300 

3,250 

322 

1, 495 

1935 

158 

1, 3 51, 500 

373,200 

37,400 

1. 762, 1O0 

100,050 

924 

3,724 

1936 

1936 (experimental for- 

101 

173,400 

1, 031,000 

143,200 

1, 347, 600 

99, 100 

2,530 

2, 893 

est).. 

1 

17,500 

2,000 

2, 500 

22,000 

2,500 

25 

49 

1937 

74 

127,600 

3, 724, 600 

58,900 

3, 911,100 

3, 620 

* 2, 512 

7.829 

1938 

135 

624,500 

3, 422,800 

64,900 

4,112,200 

3 83,420 

3,656 

8,390 

Totals to date 

530 

2,961,400 

8,575,000 

362,800 

! 11,899,300 

291,940 

9,969 

24, 380 


1 C- C. C. labor. 

* 645 acres replanted not included in this total. 

* 24,000 mixed acorn spots included in this figure. 


Table 99. — Summary of soil erosion control 


• Fiscal year 

Num- 
ber of 
tracts 

Tract 

area, 

acres 

Project 

area, 

acres 

Number of 
masonry 
check dams 

Number of 
temporary 
check dams 

Bank pro- 
tection, 
square 
yards 

Man- 
days 1 

1934 

125 

12,362 

537 

1,853 

7,151 

288,356 

56,784 

1935 

259 

25,355 

1, 190 

1,066 

5,913 

1,817,562 

91,402 

1936 

18 

1, 013 

52 

17 

60 

81,385 

3,868 

Grand totals all years 3.._ 

402 

38,730 

1 779 

2,936 

13,124 

2, 187, 303 

152,054 


1 C. C. C. labor. 

1 Town of Norris not included. 
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FOREST MANAGEMENT 

The Authority is gathering data essential to the development of a 
forest management program. Such a program will provide for the 
protection of the forests from fires and insects, the improvement and 
development of the timber stands so that their maximum production 
may be realized as soon as possible, a year-by-year harvest of that 



Fmjure 267 . — An example of erosion control. A. Deeply gullied area before control was 
started in December 1933. B. Same area in July 1935 after 2 years' growth of locust. 


portion of the animal growth not needed to increase the growing 
stock or forest principal, and the cutting and marketing of forest 
products. 

There have been set aside 10 forest experimental and demonstration 
areas totaling 5,586 acres for the purpose of conducting certain for- 
estry experiments and demonstrating various types of forestry prac- 
tices. Cooperative studies are being conducted in the White Hollow 
watershed to determine the changes in vegetative cover on lands un- 
der the Authority’s administration and the effect these changes have 
on the surface flow of water and soil erosion. A cooperative planting 
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project is under "way to determine the tree species and mixtures best 
adapted for watershed protection and financial returns in this area. 
Forest stand improvement work has been undertaken in a few dem- 
onstration areas to determine the effects on the stand and rate of 
growth. Wherever possible, this work is conducted in cooperation 
with other existing- agencies. 

FISH AND GAME 

The fish and game management programs are carried out in coop- 
eration with the United States Bureau of Fisheries, the United States 
Bureau of Biological Survey, and with the assistance and coopera- 
tion of the Game and Fish Division of Tennessee. Under this pro- 
gram the activities fall into two main headings: (1) The develop- 
ment and management of fisheries and fish life, and (2) the develop- 
ment and management of game, including therein both birds and 
mammals. Fishery activities include all phases of work dealing with 
the development and maintenance of the aquatic resources. Game 
management activities include the establishment of game manage- 
ment areas, refuge areas, wild life sanctuaries, and other restricted 
localities in which quail, grouse, wild turkey, deer, and economically 
important furhearing forms may be increased. 

Fish. 

After the first few years of existence, impounded reservoirs ordi- 
narily become decidedly lacking in fish productivity, primarily be- 
cause of the large annual fluctuation in the level of the water in the 
reservoir which prevents the establishment of aquatic vegetation in 
the shallow water along the shore and also prevents fish from prop- 
agating under natural conditions sufficiently to maintain the fish 
population. In anticipation of this problem the Authority con- 
structed a fish hatchery just below Norris Dam where fish, partic- 
ularly large mouth bass, will be hatched for the purpose of stocking 
Norris Reservoir. This hatchery consists of three 2-acre fish ponds 
and is in the charge of a fish expert from the United States Bureau of 
Fisheries. Following the hatching of the fish, the fry are collected 
and transferred to a series of rearing pools located around Norris 
Lake. These rearing pools consist of small dams across strategic 
points of small incoming streams, behind which constant level ponds 
are established under controlled conditions. Five such rearing ponds 
were completed by 1938. In these ponds the fry are retained until 
reaching a size sufficient to insure their safety upon transplantation 
into the lake. Figure 266 shows the location of the six rearing pools. 

Although each of the fish dams differs in size and over-all dimen- 
sions, their design and construction^ are similar. The Doakes Creek 
Dam is typical. It was built by Civilian Conservation Corps labor 
under the supervision of the Authority and consists of a rolled earth 
fill dam with a top elevation of 1,027 and an over-all length of 750 
feet. It lias a maximum height of 30 feet, a maximum base width of 
165 feet, and a top width of 10 feet. Both faces have a 3 : 1 slope and 
are covered with stone riprap since at extreme high water in the 
reservoir the entire structure may be submerged. A spillway 150 
feet long, located at the west end of the dam, is paved with riprap 
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and can handle a flow of 1,500 cubic feet per second, which is the 
estimated maximum run-off from the 2 square miles of drainage area 
above the dam. Estimated quantities involved in this construction 
are : 


Embankment 

Riprap 

Paving 

Masonry 

Concrete ... 

Reinforcing steel. 


— cubic yards 26, 000 

.square yards — 9, 200 

do 2, 300 

cubic yards 300 

do 100 

pounds 9, 000 



Spillway 



iv ts* wpa- 

Slopg I on slope 

^ Masonry^ w*li ---------- -- - - ^Yy-EII0O9. q 

section b-b 


Cemented riprgp 
paving 


I if, -Earth fill 

-rT3^4£P ra PP cd 



Morris Reservoir 
Mor MSEI IOZCO ^ 



Masonry wall ... 

laid in cement rnortar — — Varies 

SECTION C-C 

Max. High W El IQ 24.4 £&| tOES.O 

Beams 4*-0**ctoc 
10% 5'. 


Culver T -3' sq 


SECTION D-D 

Figure 268. — Doakes Creek Dam. 


The 45- acre constant level Big Ridge Park Lake has been stocked 
with fish as an adjunct to its recreation potentialities. 

All fisheries work must necessarily be based upon an understanding 
of the water environment involved which includes the chemistry of 
the water, the cyclic behavior of chemical and thermal factors, and 
the abundance and distribution of the micro-organisms which are 
the basis of fish foods. In order that practical, applied fisheries ac- 
tivities may be undertaken upon solid scientific facts, a well-equipped 
laboratory boat has been placed upon Norris Reservoir, and intensive 
and extensive chemical, physical, and biological studies are being 
carried out. 
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Came. 

The U. S. Bureau of Biological Survey and the Tennessee Division 
of Game and Fish have cooperated in the establishment of various 
types of game areas. In general the point of view is that of develop- 
ing the land surrounding the Norris Reservoir in terms of that type 
of wild life particularly adapted to it. It is not considered advisable 
to attempt building up any area in game for which that area is not 
specifically and naturally suited. Thus, the problems become essen- 
tially those of rehabilitating the areas under consideration with what 
in each case was the original native wildlife of that region. The 
Norris Reservoir lands have been carefully studied and various tracts 
of land have been allocated for the management and development of 
game. As a result of the surveys, certain lands have been set aside 
for the development of quail, others for grouse, and others for tur- 
keys, or for deer, or for various combinations of these species. The 
use of the areas has been determined by the type of life best suited 
to them. Exotic forms will not be introduced. Briefly these areas 
may be classified as game management areas and wildlife sanctuaries, 
based upon the type of treatment which the game is to receive upon 
that land. 

In the game management areas everything possible is being done 
to increase game, such as the planning of food, shelter, cover, and 
protection against both active and passive enemies. Entrance by 
interested individuals is permitted, but no fires may be built and no 
mutilation of trees or disturbance of wildlife is allowed. Four areas 
of this type have been established; the Cove Creek area, for .upland 
game birds and deer, 2,120 acres; the Valley Ford area, for upland 
game birds and deer, 5,050 acres; the Lonesome Valley area, for up- 
land game birds, 2,625 acres; and the Island F Wilderness area, for 
the study of the rehabilitation of fauna and flora with minimum 
disturbances by man, 450 acres. 

NAVIGATION ON THE RESERVOIR 

Two 60-foot all-steel Diesel-motored boats are in use at present for 
Norris Reservoir project operations. Figure 260 shows one of these 
boats which is powered by a 100-horsepower engine, weighs 16,300 
pounds, and has a maximum speed of 14.5 miles per hour and a cruis- 
ing speed of 12.5 miles per hour. They are available for towing 
service relating to the transportation of timber, stone, fertilizer, and 
other materials on the reservoir and for the movement of crews en- 
gaged in forestry and other maintenance and improvement work. 
Forty-eight passengers can be accommodated on each boat. During 
the summer season sightseeing trips are made to various points in the 
reservoir for the public at times when the boats are not needed for 
other purposes. A charge is made to defray all operating expenses. 

No navigation lock was constructed at Norris, but studies have 
been made and the details completed for the transfer of coal on Norris 
Reservoir and through the dam by means of a mechanical handling 
plant which may he installed in the future. A gallery to allow pas- 
sage of the coal through the dam has been constructed. This method 
of handling coal (the principal potential tonnage) is based on actual 
installations in other parts of the country and could be completed 
should the volume of traffic be sufficient. 
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RECREATION 

Although Norris Lake is only about TO miles long, it is so cut by 
promontories and deep mountain coves that its shore line measures 
more than TOO miles at elevation 1,020. Since lakes are not common in 
the Tennessee Valley, people were eager to take advantage of the 
opportunity for swimming, boating, and fishing. During the summer 
of 1937., the first after the lake was filled, there were over 600 privately 
owned boats on the lake. In 1938 this number had increased to 
approximately 1,200. 



Figure 269. — Sixty-foot all-steel Diesel-motored boat. 


The shore land necessarily purchased by the Tennessee Valley 
Authority primarily for reservoir protection purposes also affords 
control over access to the water and control of buildings and other 
improvements along the shore, and every effort is being made to 
secure a pleasing and appropriate development. 

The Tennessee V alley Authority is not authorized to develop recre- 
ation facilities to serve the general public ; but recognizing the 
tremendous demand for recreation facilities on Norris Lake, the 
Authority has developed plans and made certain demonstrations to 
guide the unified development, through other channels, of the lake’s 
recreation potentialities. These activities have been carried on under 
sections 22 and 23 of the act. In this program of recreation planning 
and development, the Authority has enlisted the cooperation of other 
agencies, notably the National Park Service and the Civilian Con- 
servation Corps. Two demonstration parks and a boat harbor were 
developed on the shore of Norris Lake, on land which already had 
been acquired for reservoir purposes. In addition to the land, the 
Authority contributed designs, a portion of the materials, some 
skilled labor, and construction supervision. The National Park 
Service contributed design supervision and shared in the expense 
of materials. The Civilian Conservation Corps contributed all un- 
skilled and some skilled labor, ^supervision of enrollees, and certain 
details of design. It was expected that these demonstration facilities 
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would serve as a guide to other agencies and individuals in the 
design, development, and operation of similar facilities on other 
parts of Norris Lake and on other lakes. The success of the demon- 
strations is indicated, in part, by progress in State park development 
in Tennessee since construction of the Norris Lake facilities was 
inaugurated. While the parks were under construction, the State 
of Tennessee did not have a Division of State Parks and had no 
park svstem. In 1937 the Tennessee Legislature passed an act setting 
up a State Department of Conservation, which included a Division 
of State Parks. 



Figure 270. — Norris boat landing. 


This branch of the State government is now actively developing 
a State park system which will include other parks similar to Norris 
and Big Ridge. One of those State parks is being built at Caryville 
on a portion of the land aquired for reservoir purposes. Here again 
the Authority is preparing plans for the park, although the final 
approval rests with the State. The land on which the park is located 
has been leased to the State for a nominal fee, and the State will 
maintain and operate the park after its completion. 

A boat landing has been constructed at the site of the quarry from 
which concrete aggregate was obtained for the construction of the 
dam. This development includes boat docks, boathouses, comfort 
stations, minor repair facilities, provisions for parking automobiles 
and trailers, a gasoline service station, and other items necessary fox 
the convenience of the large number of pleasure craft using the reser- 
voir. Some idea of the popularity of boating at Norris Reservoir 
may be obtained from the fact that two years after the completion 
of the dam approximately 1,200 boats were in use. Figure 270 gives 
a general view of the boat landing and of the boating activities. 

In addition to the quarry boat landing, nine other boat docks at 
various points on the reservoir were in operation during the summer 
of 1938. These are all operated by concessionaires. Rates charged 
for services are established by the Authority and are uniform on the 
entire lake. 
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Pending the completion of a coordinated land use plan, no further 
recreational development has been projected except that studies are 
being made to determine the feasibility of establishing a Kegro rec- 
reational area on Norris Lake. As soon as this plan is completed, 
however, a number of developments may be initiated. Appropriate 
regulations by the Authority to insure an orderly and well-planned 
development will be adopted. Kates for the use of facilities and the 
quality of services in these developments will be regulated by the 
Authority. 



FLOOR PLAN 

Figure 272 . — Tsforris Park cabin. 


ovens and dr inki ng fountains; a camp ground for trailers or tents, 
also provided with a centrally located bathhouse, electricity, water 
supply, tables and benches; and a lodge, which contains a tearoom 
and a snail store carrying food supplies for cabin occupants. In 
addition, there is an outdoor theatre seating approximately 500 poo- 
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pie. Twenty cabins are provided, similar to the one shown in figure 
272, of which five are the duplex type. All of these cabins are sup- 
plied with running water. Twenty units have inside toilets and 
showers. The remainder are served by a centrally located bath- 
house. Each cabin is fully equipped and completely furnished so 
that vacationers need supply only food. A riding stable was also 
constructed and is operated ^ during the summer season. A floating 
dock affords swimming facilities for experienced swimmers. This 
park has been extremely popular, the annual attendance at the park 
being close to 100,000. Cabins are in great demand and are generally 



PLAN 



reserved for several weeks in advance. The park season extends from 
about April 15 to November 1, depending on weather conditions. 
The tearoom, store, and riding stables are operated by concessionaires. 
The balance of the services are provided by the Authority. 

BIO RIDGE PARK 

Big Bidge Park contains approximately 4,500 acres and is almost 
entirely surrounded by water. The nature of the topography is very 
rugged, with heavily wooded broken ridges crossing the area. In 
order that the seasonal draw-down of the main reservoir would not 
interfere with swimming and boating at Big Ridge Park, one of the 
arms of the reservoir was dammed so that the impounded water in 
this area is not subject to the seasonal draw-down of the reservoir. 
This dam is about 50 feet high and nearly 200 feet long, with a 60-foot 
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wide spillway section. It was constructed of concrete, with a timber 
guard rail providing a footway along the crest. 

The area of intensive development in this park consists of about 
100 acres of land around the margin of Big Bidge Lake. Nineteen 
cabins, similar to those built at Norris Park have been constructed to 
accommodate tourists and summer visitors. Building exteriors at 
Big Bidge Park are either of rough sawed siding or of logs, some- 
times combined with native stone work for variety. The logs were 
selected from timber cut by the Authority in its reservoir clearance 
operations. 



An excellent bathing beach has been located between two of the 
small arms of Big Bidge Lake. The beach itself consists of a 20-foot 
wide strip of sand around the shore line of the peninsula, with a grass 
plot m the middle. A wading pool for children and a beginners 5 
pool, paved with concrete, are separated from the deeper water used 
by more experienced swimmers. Springboards, floats, and a diving 
platform are also provided. Water is circulated through the shallow 
_ pool by means of a recirculating pump. 

In addition to the cabins and bathing facilities, boats and canoes 
are available at a small boathouse. A small riding stable also forms 
one of the attractions- Meals and food supplies for campers are 
available at a centrally located lodge. 
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A group camp, consisting of 11 cabins, 2 wash houses, 2 bathhouses 
and a central dining room is also an integral part of the park. This 
camp is rented as a whole to groups such as the Girl Scouts and 4-H 
clubs. The riding stable, beach, tearoom, and store are operated by 
concessionaires. Other services in the park are furnished by the 
Authority. During the year approximately 50,000 people visited this 
park. An admission fee of 10 cents per person is charged on Satur- 
daj'S, Sundays, and holidays. On other days admission is free. 

COVE LAKE STATE PARK 

A demonstration State park is being developed near the town of 
Caryville in Campbell County, Term. This park contains approxi- 
mately 1,000 acres, of which 600 acres are TYA-owned land, plus a 
210-acre constant level lake, formed by damming the Cove Lake arm 
of Norris Lake. In addition, the park includes a 93-acre trac^- 
donated to the State of Tennessee by the First National Bank of 
La Follette, Tenn. The TVA lands have been leased to the State 
of Tennessee through the State Department of Conservation. 

The area is being developed by the National Park Service and the 
Civilian Conservation Corps. All plans are prepared by the Author- 
ity and are reviewed and approved by the State of Tennessee before 
presentation to the National Park Service. 

Construction was started in July 1937. The initial improvements 
include the construction of the main road system, the service group 
of buildings, and a part of the water supply and distribution systems. 

The area is being planned as an intensive use area for the com- 
bined use of the local public and the tourists traveling through the 
park on United States Highway 25W and State Highway 63. A 
feature of the park will be a group of 20 model tourist cabins, 
equipped with modern conveniences including steam heat, a restau- 
rant, a pavilion for gatherings, and a superintendents dwelling. 
Other facilities planned include picnic area, playgrounds, a swimming 
pool, and possibly a golf course. The park will be operated ana 
maintained by the Department of Conservation of the State of 
Tennessee. 
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Chapter 9 

COSTS 

The accounting work was done partially at the field construction 
office located at the dam and partially in the Knoxville account- 
ing office. Generally speaking, the field office kept all the actual 
construction and reservoir activity accounts, while all miscellaneous 
administrative and overhead accounts were kept at Knoxville. Field 
accounts were kept entirely by hand method, but for the greater part 
of the job (after late in 1934) all control accounting work was done 
on a Hollerith machine. 

Engineering planning and design accounts and administrative over- 
head and general engineering service accounts, kept in the central 
office, followed conventional accounting methods. 

A cost engineering staff was employed at the dam for analyzing 
and interpreting actual construction costs. This staff concerned itself 
with the construction of the dam, powerhouse, original switchyard, 
Loyston dike, and highway approaches to the dam, as well as reser- 
voir rim grouting work and a major portion of the site improvement. 
This was the prmcipal cost engineering work done by and for the 
project. 

Since this was the first large construction project undertaken by 
the Authority, it was not unusual that changes were made in the 
accounting and cost methods as the work progressed. The methods 
finally adopted are set forth in this chapter. Many of these have 
been adopted on subsequent TV A construction projects, while others 
have sustained further improvements. 

FIELD ORGANIZATION AND RESPONSIBILITIES 

The division of duties between the field accounting and cost engi- 
neering organizations with respect to the dam construction work was 
that the accountants were responsible for general accounting and 
bookkeeping work, while the cost engineers were responsible for al- 
location of charges to the proper account, and the interpretation and 
application of cost information. 

Accounting staff* 

This section was headed by a chief clerk who was responsible ad- 
ministratively to the construction superintendent and functionally^ to 
the construction accountant, stationed at Knoxville. The section 
handled all work concerning accounting, timekeeping, pay rolls, ware- 
house accounting, collection and reporting of cash, clerical work on 
shop orders, and the preparation of financial statements and trial 
balances of the cost accounts. It prepared field vouchers for pur- 
chases and contracts and” handled interdepartmental transfers. The 
time office was one of its units, the chief timekeeper being directly re- 
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sponsible to the chief clerk. The warehouse accounting clerk was also 
under the functional direction of the chief clerk, although the regular 
storekeeping operations were carried on under the immediate super- 
vision of a storekeeper responsible to the superintendent. 

At first, bookkeeping and accounting work was done for the project 
in the Kn oxville accounting office, with a field office to handle field pay 
rolls, to requisition and receive materials, and to handle other field 
cash disbursements. On July 1, 1934, the field accounting office was 
established and it functioned until work was completed. 



Figure 275 . — Accounting and cost engineering organization . 


Accounting work for the camp was done by an independent office 
not directly connected to the dam organization. Employees’ state- 
ments were rendered each pay period to the dam accounting office, 
from which charges were made for camp services such as meals, room 
rent, and other se rvice s. Construction of the camp and the town of 
Harris was by a TV A organization separate and apart from that 
which constructed the dam. 

Reservoir clearance; cemetery, highway, and railroad relocation; 
pro perty protection; and other reservoir work was done by separate 
TV A orgamzations not responsible to the dam construction organiza- 
tion. However, as previously mentioned, the control accounts for 
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these reservoir activities were kept at the dam office. Each organiza- 
tion doing work in the reservoir forwarded accounting data to the dam 
accounting office for entry. Details, such as time records and other 
supporting data, were kept in the temporary field offices at the site of 
operations, but the official accounts for all reservoir operations were 
maintained at the dam. 

Cost engineering staff. 

This staff was organized early in 1935 under the direction of a cost 
engineer who was responsible to the assistant construction engineer 
and who worked in cooperation with the general cost engineer of the 
Knoxville office. Figure 275 shows the direct and functional lines of 
responsibility. The duties for this organization included allocation 
of charges in accordance with the approved classification of accounts. 
It prepared the bases for the distribution of clearing accounts, applied 
plant and equipment depreciation schedules, and worked in coopera- 
tion with the accounting staff, handling matters where technical ques- 
tions entered into the accounting operations. In analyzing and inter- 
preting cost data, the cost engineering staff based its work on the cost 
books and records kept by the accountants. The cost engineers also 
gathered data for record reporting and performed cost estimating and 
budget work. 

The principal function of the cost engineering staff was to allocate 
charges; analyze, interpret, and publish current cost data for job con- 
trol purposes; prepare record analyses of completed feature costs; 
and prepare estimates and budgetary reports. 

Field time studies on certain construction operations were made 
for limited periods of time to secure more detailed information on 
these operations. A special field study group of three men was organ- 
ized for this purpose; and at the end of their duties at Norris, the 
group was transferred to other construction projects of the Authority 
where they served in the same capacity. 

The cost engineers also collected and recorded detailed records of 
individual plant and equipment performance and cost. These were 
needed as an aid to job and cost control and in selecting equipment 
for future jobs. 

CONSTRUCTION ACCOUNTING 

The practices and procedures developed as the work progressed 
followed closely methods and principles previously developed for con- 
struction work. The books of account consisted of a general ledger, 
voucher register, invoice register, stores ledger, cost ledger (fig. 276), 
equipment ledger, and warehouse receiving and issuing reports. En- 
tries to the general ledger were made direct from journal vouchers 
with no journal voucher register being used. 

Standard purchase vouchers (fig. 277) were prepared in the Knox- 
ville office, invoices being certified by the field office and entered in 
the field vouchers payable register and forwarded to the Knoxville 
office for vouchering and payment with form 1035 (fig. 278) . All dis- 
bursements, except emergency payments, were made by the treasurer. 
Emergency payments were made by an agent officer of the treasurer 
from the small fund established for this purpose. Details of accounts 
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were kept in the field office books with controls kept by the accounting 
office in Knoxville. 

Classification of accounts. 

The classification of accounts used at ^Norris differs slightly from 
the master classification of accoimts as established in the spring of 
1937 for all of the Authority’s construction projects. Fundamentally, 
there were 10 key cost accounts for construction features, in addition 
to the clearing, equipment, and plant accounts. 



Figure 276 . — Cost ledger. 

The key accounts were; 

ISTD-O Improvements to station site. 

ND-1 Reservoir activities. 

1STD-2 Freeway. 

ND-3 Dam and spillway. 

ND-4 Hydraulic structures and equipment. 

ND-5 Powerhouse building. 

ND-6 Powerhouse electrical equipment. 

ND-7 Switchyard and switchyard equipment. 

ND-8 Station mechanical and general equipment. 

ND-9 Other activities (including reservoir rim treatment and 
Loyston dike). 

NBC Construction clearing account. 

NBE Construction equipment. 

NBP Construction plant. 

_ Each of these accoimts was subdivided into as much detail as 
circumstances warranted. It was the intention to include in the 
clearing account all charges for construction equipment, the identity 
of which could be maintained, the value of which was intrinsic, and 
which could be expected to have a resale value other than salvage at 
the end of its period of construction service on this project. On 
the other hand, the equipment account was to include such structures 
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and buildings tliat would be of use only on this project, and at 
the end of the construction period could be expected to have only 
a salvage value. The cost of assembled construction plants was not 
readily available because the plant accounts and equipment account 



Figure 277- — J Public voucher for purchases and services other than personal. 


were kept separately. To secure the cost of such completely^ assem- 
bled plants, it was necessary to obtain the cost accumulated in both 
the plant and equipment accounts. Only the account for cableways 
(ISHDP-T) included both plant and equipment cost for the entire 
installation. 
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Figure 278 - — Field voucher payable. 

Journal vouchers. 

Journal vouchers (fig. 279) were numbered in series designated 
by letters, with the series lettered as follows : 

A. Salaries and wages. 

B. Materials for direct purchases, storeroom tickets, shipping 

tickets, etc. 

O. Clearing accounts, such as machine shop and garage. 

D. Depreciation. 

h Miscellaneous items, such as adjustments and corrections. 

F. Ekpdpment and plant items transferred and sales. 
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The face of each journal voucher contained the entry to be made, 
which was supported by the attachment of work sheets and other 
data with sufficient reference for tracing' the entry to its source. 
Posting to general ledger control, investments, and liability accounts 
was made from the face of the journals, and to detailed cost ledgers 
from the journal when itemized, but usually from recapitulation 
sheets attached to the voucher. 



Accounting for personal services. 

The main objectives in accounting for personal services were ( a ) 
ascertainment of labor earnings for pay roll purposes, and (&) 
distribution to proper cost accounts.^ The method of accounting for 
annual and hourly employees was similar, except that separate pay 
rolls were maintained and methods of distribution differed. 

Hourly employees . — The basis for the hourly employees’ time dis- 
tribution was the foremen’s time cards (fig. 280). These cards, 
which were made out by the foremen, carried the badge number of 
each man in their group, giving a full description of the work being 
done and the number of hours worked*. They were delivered to the 
time office by the foremen at the end of each shift. After the cost 
engineers assigned the account number, the time office rated and ex- 
tended the amounts and balanced the hours and money daily with 
that shown on the posting sheet made up by the time checker. All 
overtime work was reported on foremen’s time cards (form 1490 — 
same as fig. £80 except for color) which required the approval of 
the superintendent. Metal time checks for all workers were kept at 
the time office on a specially prepared board. Employees were required 
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to call at the time office for their time check at the beginning of their 
shift and to return it at the end of the shift. Twice each shift a 
time checker made a tour of the job spotting the men at work as a 
check against the pay roll. The time checker’s report (fig. 281) was 
prepared in duplicate from the check board after the workmen had 
checked in on their shift, and the copy was carried in the field by 
the checker. After he had completed his field check, he inserted 
the number of hours worked by each employee on the original, the 

time being posted by the pay-roll 
clerk from the original to the em- 
ployee’s ledger card (fig. 282). 

The responsibility of coding the 
foremen’s time cards for distribu- 
tion rested with the cost engineers 
as they were able to detect erro- 
neous reports because of their inti- 
mate contact with the job. These 
were discussed with the foremen. 
When ambiguous or obscure de- 
scriptions were given, the cost 
engineers were able, in many in- 
stances, to clarify the description 
and to code the charges properly 
without delay. 

A “labor ledger” for a number 
of feature accounts was kept by 
the cost engineers to facilitate 
analysis of labor charges made 
necessary by the demand for cost 
information in greater detail than 
was provided by the classification 
of accounts. In this “labor ledger” 
one sheet was reserved for each 
account on which the ledger was 
kept, and in it were entered daily 
the details for each labor charge 
including the name of the fore- 
man, the detailed work description, and the amount in dollars for 
each item of work charged to the account. Since the “labor ledger” 
was kept for only part of the accounts, it was not incorporated in 
the accounting system. However, aside from its main purpose of 
facilitating analysis of accounts, it served the purpose of providing 
a check against obvious errors in coding. 

Annum employees . — Where possible, pay-roll charges for foremen 
and general foremen were charged direct to features or to clearing 
accounts that were later distributed to the features. Other alloca- 
tions of annual pay-roll charges were largely estimates prepared by 
the cost engineers on distribution schedules in memorandum form. 
For the majority of the salaried employees, this was sufficiently ac- 
curate because most of them were engineers, inspectors, warehouse- 
men, and accountants. 

Pmj Each employee was issued brass tool checks which were 

used for checking materials from the warehouse, such as tools, rain- 



Figubjs 280- — Foreman’s time card. 
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coats, and boots. When an employee lost these items, their value 
was deducted from his pay check. 

Pay rolls were prepared twice monthly. The time was extended 
on the employee’s ledger card ; the deductions for camp services and 
other charges were made from the amount earned; and the net 
amount was extended in the “amount paid” column^ The pay rolls, 
prepared on form 7 (fig. 288) were sent to Knoxville for auditing 
and the issuing of checks by the treasurer. Pay checks were de- 
livered to the employees by the time office at the dam. 

On ter min ation or transfer to another project, employees’ final 
checks were adjusted to include all deductions. 

Accounting for material. 

Materials accounting was logically divided in three steps : requisi- 
tioning and purchasing, receiving, and distributing and charging 
to accounts. 

Requisitioning and purchasing . — All special and regular stock 
material was ordered by the chief storekeeper. For material not 
carried in regular stock, a list was sent to the chief storekeeper by 
the heads of the various sections, either engineering or construction, 
showing materials needed, quantity, time wanted, and approximate 
cost. Materials were bought on purchase requisition (fig. 284), 
which was prepared in four copies. The original and two copies 
were sent to the budget division, and one copy was retained for the 
warehouse files. From the purchase requisition, a standard purchase 
order was prepared (fig. 285). On the storeroom copy of the pur- 
chase requisition was noted the purchase order number, the account 
number to which the material was to he charged, and the vendor’s 
name. "When the material was later received, the checker’s material 
receipt number was also noted on this copy of the requisition^ together 
with the date received and how delivered. All information in regard 
to opening of bids and shipping was also noted on the requisition. 

Receiving material . — The checker’s material receipt (fig. 286) was 
used as a receiving report. It was prepared in four copies. A copy 
was retained for the warehouse files, the section ordering the material, 
and the chief material checker’s files. This form showed the articles 
purchased, order or contract number, invoice price, handling charges 
( for stock materials) and account number when material was charged 
direct to the feature. 

On the field copy of the purchase order (fig. 285) was entered the 
checker’s receipt report number, when and how material was received, 
and the account number to which the material was to be charged. 
Then the inspector’s copy of purchase order was executed by the re- 
ceiving clerk and sent to the field accounting office, with the original 
copy of the checker’s material receipt report and three copies of 
freight or express bill attached. 

For partial shipments of materials, form 209 (fig. 287) was pre- 
pared in duplicate^ one copy being sent to the accounting office with 
the original checker’s material receipt and freight or express bills 
attached. The duplicate copy was retained by the storeroom office 
and attached to the field copy of the purchase order. On receiving 
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the final shipment, the same procedure was followed with the excep- 
tion that final partial delivery report was attached to the inspector's 
copy of the purchase order. 

Over, short, or defective material was reported on form 210 (fig. 
288) which was prepared in four copies distributed to the traffic sec- 
tion, the inspection 
section, the central I “77 
accounting office, and ~ 1 ' 

the warehouse files. 

When material was j — " 


p*r roll for reuse mal services 


received damaged by 
freight or express, 
proper notation was 
made on the railroad 
expense bill and infor- 
mation forwarded to 
the traffic section for 
filing of claim. 

Materials for stock 
were entered on the 
stores ledger (fig. 289) 
direct from the copies 
of the invoice and 
shipping ticket. Spe- 
cial materials or direct 
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Figure 283 . — Pay roll for personal services . 


charges were checked at the warehouse the same as stocked material 
but were not recorded on stock ledgers, being delivered and charged 
direct to the job for which they were used. (On later TVA jobs a 
separate warehouse was created for special materials ordered for the 
permanent structures. These were charged direct to their respective 
features upon arrival.) 

Direct charges . — The field voucher register was the basic document 
for the distribution of direct materials charges. With the checker’s 
receiving report was prepared a field voucher payable, to which was 
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attached the invoice, checker’s report, freight bills, and other per- 
tinent data, as was previously explained, two copies of which were 
sent to the Knoxville office for payment. The coding for each field 
voucher was marked on its face. The voucher was listed in the field 
voucher register, showing the vendor’s name, the total amount, and 
the account to which the charge was allocated. At the close of each 
month, the total amount chargeable to each account was posted in 
the cost ledger through the journal voucher. 



Fiqure 284 . — Purchase requisition . 


The responsibility of coding and classifying direct charges was 
given to the cost engineering organization as the members of this 
staff maintained an intimate contact with the job, a kn owledge of 
the construct ion drawings, and enough technical background to know 
the relation of the different material items to the installation as a 
whole. 

TF wrehoiuse issues . — Materials were issued from the warehouse on 
materials requisition (fig. 290) showing material, quantity wanted, 
purpose for which required, and signed by the section foreman or 
other such authorized person. At the warehouse this data was 
copied in duplicate on form 575, materials requisitioned and issued, 
and the cost placed thereon from the stock ledgers. 

After being coded by the cost engineers the original of form 575 
(%. 291), with the support of form 211 (fig. 290), was sent to the 
field accounting office for entering to the proper account. The dupli- 
cate copy of form 575 was retained for warehouse reference. 
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Equipment and plant capital accounts. 

Equipment was received from manufacturers or dealers by direct 
purchase and from other T\ 7 A projects by shipping ticket and trans- 
fer voucher (fig. 292). 

As previously mentioned, a separate group of accounts was as- 
signed for equipment charges and another similar group for plant 
charges- Equipment consisted of all tools and machinery not in- 
stalled as a part of the feature or item of work and used in the con- 



Figure 285 - — Purchase order - 


struction operations, such as steam, shovels, tractors, trucks^ and 
minor tools costing no more than $100 which retained their individual 
identity throughout their life, and whose useful life was estimated 
to exceed 6 months. Plant consisted of units of operation necessary 
and incidental to construction work such as mixer plants, crushing 
and screening plants, and cableways. 

The depreciation policy formulated provided that the total cost 
of both plant and equipment should be absorbed in feature cost 
during the construction period, and schedules of equipment deprecia- 
tion were developed from which a monthly charge was made to the 
work being performed and a credit given to an equipment and plant 

155813 40 38 
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reserve account. Xo direct credits were made to the group of ac- 
counts for equipment and plant charges, but the difference between 
the credit in the reserve and debit in the equipment and plant account 
represented the undepreciated amount invested in equipment and 
plants. 

The policy of absorbing 100 percent of equipment depreciation 
into the job was followed throughout the job, the only exception 
being in the case of equipment acquired late in the the construction 



Figure 286. — Material checker’s report . 


period for which it was definitely known there would be a need on 
other projects of the Authority. 

Detailed engineering data and physical description of each piece 
of major equipment and each assembled plant were recorded by the 
warehouse on form 337 (fig. 293) . 

Equipment depreciation „ — For all equipment, except that pertain- 
ing to mi assembled plant, a date was established by which time it 
was anticipated that most of the heavy construction features would 
be completed, and by which time it would he advisable to have de- 


COSTS 


579 


preciated the equipment- Then the “straight line” method of depre- 
ciation was used, on a monthly basis, for each piece of equipment in 
order that the chosen date would be met. Equipment assigned to 
an assembled plant was depreciated on a production basis, at a uni- 
form rate per unit of production. 

The cost engineers prepared monthly a depreciation schedule, on 
which was listed by accounts the major pieces of equipment with 
lump sums for the balance, showing the month’s depreciation and 
undepreciated balance.^ A special ledger (forms 239 and 239A, fig. 
294) was kept for equipment, and this ledger was divided into two 
main groups — major equipment and minor equipment. The major 



Figure 287 . — Partial delivery report . 


equipment group was subdivided in 24 classes, and the minor equip- 
ment group was subdivided in 20 classes. A detail of the subdivisions 
of these two groups follows. (See lists on page 581.) 

A monthly statement was prepared from the equipment ledger for 
depreciation purposes and cleared through a series of journal vouch- 
ers. This statement listed each major item that was used on various 
parts of the job or assigned to some specific plant or shop. On this 
statement a column was provided for equipment account number, 
description, TVA number, cost to the project, depreciation to date, 
current depreciation, and charge account number. 
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Figure 288. — Over , short , or defective report . 
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Figure 289 . — Stores ledger . 


Major Equipment Subdivisions 


Air compressor- 

Conerete eauipment, portable mixers, 
etc. 

Derricks and lioists. 

Engineering instruments, transits, etc. 
Excavating machinery, shovels. 
Transfer cars, rail. 

Locomotives and cranes. 

Motors, large. 

Tracks, tractors, and trailers. 

Office equipment — Machines. 

Office furniture and fixtures. 

Pumps, large. 

Shop Machinery — bathes, drill, sharp- 
ener, arc welders, etc. 

Transformers. 


Wagon drills, core drills, and jack- 
hammers. 

Marine equipment — Boats. 

Concrete vibrators. 

Road rollers and scrapers. 

Gasoline pumps and tanks. 

Special equipment for removal of farm 
families. 

Crusher plant equipment, crushers, 
motors, transformers, etc. 

Mixer plant equipment — Mixers, motors, 
batchers, etc. 

Sand plant equipment, hammer mills, 
motors, etc. 

Cement pumps, etc., for handling bulk 
cement. 


Minor Equipment Subdivisions 


Blocks. 

Personal equipment, boots, raincoats, 
etc. 

Concreting tools, small. 

Digging tools, picks, shovels, etc. 

Engineering tools, small. 

Electrical instruments, small. 

Hose — Water, steam, or air, not part of 
plant. 

Manila rope for general use. 

Pipe and fittings, not included in water 
system. 

Shop tools, small. 

Warehouse equipment, trucks, scales, 
etc. 


Wire rope, chain, etc. — ISot chargeable 
to work or plant. 

Woodworking tools. 

Drilling tools, small. 

Tarpaulins. 

Reservoir clearing equipment. 

Miscellaneous small equipment. 

Laboratory testing equipment, large and 
small. 

Carpenter shop equipment, large and 
small. 

Relocation equipment, includes all heavy 
equipment such as trucks, tractors, 
shovels, pumps, compressors, etc. 
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Plant depreciation . — Estimates were made by the cost engineers at 
the beginning of operations of the total quantities to be involved with 
each plant. Then monthly amounts were depreciated into plant op- 
erating accounts which had the same relation to total plant cost as 
did the monthly quantities to the estimated total job quantities. 
Plant charges for power, water, and air systems, and for plant build- 
ings, were depreciated at a uniform monthly rate so as to absorb their 
costs by the end of the heavy construction operations. Plant roads 
and bridges were not depreciated and cleared to the feature accounts 



but were written off completely at the close of construction, their cost 
being distributed over the entire job on the basis of total feature costs. 

Equipment ajnd plant disposals , — As the work drew to a close, much 
of the equipment and plant was still useful and was transferred to 
other projects. Available equipment was reported on form 1,337 
(fig. 295) , and transfers were effected through the cooperation of the 
construction plant organization in Knoxville, values being deter- 
mined after an appraisal by this organization with the approval of 
both the receiving and issuing projects. Credits for equipment trans- 
ferred were placed on the project books to special accounts in the 
equipment group designated as “equipment transferred or sold,” and 
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“plant transferred or sold , 55 this credit to be applied to reduce the 
final project investment in plant and equipment. 

At the time of closing the construction books, schedules were pre- 
pared for spreading these credit accounts. The schedule for equip- 
ment listed by each one of the equipment accounts, the principal 
pieces of construction equipment showing its description, original cost, 



amount depreciated, and transfer value. An adjustment was then 
made to both the feature or clearing account to which depreciation 
had been allocated and to the corresponding depreciation reserve ac- 
count, For small and minor equipment for which it was not practical 
to allocate the adjustment to features or clearing accounts, the credit 
was accumulated in a work order to be distributed to all features on 
the basis of total cost. 

A similar adjustment for major plant accounts was made to the 
plant operating accounts. The credit for small, miscellaneous, un- 


Figure 293 . — Engineering and valuation data , rated and nonraled equipment. 
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identifiable items was applied to the work order mentioned in the 
preceding paragraph to be distributed to the feature accounts. 

For equipment transferred to other projects, the storeroom pre- 
pared a shipping ticket (fig. 296). Upon receiving a copy of this 



Figure 294 . — Equipment ledger. 


shipping ticket, the accounting office prepared the shipper’s report 
(fig. 297 ) . two copies of which were retained by the accounting office* 
one for attaching to the journal voucher transferring the charge, and 
the other to be placed in a shipper’s report file. 
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The original copy of this report was used for the basis of estab- 
lishing transfer values, and an equipment transfer memorandum 
(fig. 298) was prepared showing the price the receiving job was ex- 
pected to pay. After the issuing and receiving jobs had approved 
this established price, copies of the equipment transfer memorandum 
were sent to the issuing accounting office for authorization to charge 
the receiving job for the amount agreed upon. Equipment and plant 
transfer values for large assembled plants such as the rock crushing 
and screening plant and the cableway, were generally established by 
executive decision. 



Figure 295. — Available equipment report. 


Equipment valuation * — Considerable study was given to the -trans- 
fer pf the construction plant equipment. Since the plant contained 
varied equipment, it was necessary to determine suitable units of serv- 
ice on which to distribute ownership investment. For this purpose 
the equipment was cla ssi fied in two groups. Any equipment adapted 
to recording of hours, service, and repairs was considered in one 
group, anci items not well adapted to such records in a second group. 
This classification was briefly as follows : 



Service matt 

Hourly or major 

Monthly or minor 


naec^^ves* tractors, trucks 

Oars, trailers, wagons. 

Compressors, drills, ah* receivers. 

Buckets, scarifiers, scrapers* tampers. 
Herricks, hoists, cableways. 

Pumps. 

Barges, launches, outboard motors. 
Bins, eroshera, hoppers. 

Bins, hoppers, pomps. 

Bins, batchers, mixers, vibrators. 

B oilers, light plants, shop equipment. 

Ditchers, Erasers, idlers, shovels.. 

unwavering plant 

j *■*-*,•«** :::: 

Cesteot plant f 

Concrete plant ~ 

Miscellaneous pt&nt ■ PartiSe loaders and conveyors 
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All items are not included in this tabulation. However, it indi- 
cates the types of equipment included in each group of the classifica- 
tion. Plant assemblies representing major assets could generally be 
broken down into units classified as to type of equipment for de- 
preciation of valuation purposes. 



Furthermore, it was necessary to determine the expected life of 
individual types of equipment in both classes. This problem in- 
volved two types of expected life, namely economical and TVA. life. 
Economical fife was determined on many units, mostly in the monthly 
or minor class by examination of service and repair records and con- 
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dition at time of transfer. On equipment whose utility was not 
completely exhausted on the Norris project, these records fairly well 
established the economic service life for the next user. On the other 
hand, some units mostly of a major nature were found to have an 
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be liquidated at the close of the scheduled service without unfavor- 
ably altering cost records. 

In general, the class of minor equipment was found not to ex- 
perience exorbitant expense of conditioning, and the service unit of 
calendar months was established for depreciation and valuation pur- 
poses. Straight line monthly depreciation rates based on life ex- 
pectancy studies were used for this class of equipment, which 
represented the greatest number of items and^ involved relatively 
small ownership investments. By thus simplifying the treatment of 
the majority of equipment items, the major items which represented 
larger ownership investments could be given more detailed study. 



The most suitable unit of service for valuation of major units of 
equipment was found to be “net operating hours 5 ’ ; i. e., gross hours 
or hours Jhat an operator is assigned to a machine for pres um ed ac- 
tive service less all delay time. Delay time was classified as mechan- 
ical, servicing, miscellaneous, and other delays and was usually 
recorded to the nearest quarter hour. Conditioning investment on 
major equipment was found to increase with an upward curved trend 
as additional units of service were recorded. As illustrated in figure 
299, the lowest ownership rate was established, by the curve when 
ownership investment (first cost plus repairs) was plotted as ordi- 
nates and units of service as abscissa. This experience on groups of 
simil ar items helped determine the economic lire of the various units 
and from the average trend the depreciation curve used for valuation 
was obtained. Generally one of the following depreciation curves 
was found to fee applicable to major equipment items : 
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Depreciation schedules 


First quarter of expected life. . . 
Second quarter of expected life. 
Third quarter of expected life. . 
Fourth quarter of expected life. 

Total — 


Class A 

Class B 

Class C 

Percent 

Percent 

Percent 

44 

40 

34 

31 

32 

30 

19 

39 

21 

i 6 L 

9 

! 15 


100 | 100 100 


Bv applying these depreciation rates, the ownership investment was 
distributed fairly accurately in units of service to all using projects 
since each project was expected to absorb conditioning costs during 
the period of use on the project. Due allowance was always made for 
exceptionally good or bad condition of the equipment at the time of 
transfer. 

From the experience at Morris it became evident that the original 
policy of 100 percent job write-off of construction plant equipment 
involved considerable extra accounting work in handling credits and 
was not the proper intent or logical method of handling the Author- 
ity’s construction plant assets. The experience obtained in recording 
hours, service, and repairs, supplemented with experience from other 
Authority projects under construction at the same time, led to the 
devising of an automatic system of accounting and valuation of con- 
struction plant equipment for use on future projects of the Authority. 
In this system of investment control, equipment was classified into 
rated and nonrated items corresponding to major and minor units 
used to facilitate valuation of the Xorris construction plant. 

Equipment use rates were set up to cover cost of owning and con- 
ditioning rated or major equipment, and monthly depreciation per- 
centage rates were set up to retire investments in nonrated or minor 
items. This system enabled construction plant investment accounts 
to show book values in line with intrinsic values of the equipment and 
automatically provided sound transfer values. It also enabled equi- 
table distribution of ownership investment as work progressed, and 
each job was able to apply a uniform method of clearing equipment 
repair and depreciation expense. 

Figure 300 shows the method adopted in determining use rates and 
transfer values on rated equipment. This system has also facilitated 
the scientific study of disposition of equipment, especially in regard 
to the economies of salvage or replacement at any time during the life 
of the equipment. 

Equipment and plant operations. 

As modem construction work is done largely by machinery, a con- 
siderable part of the construction cost is represented in the machinery 
operating accounts. The cost of such units of operation was kept in 
a group of accounts designated “clearing accounts,” an account being 
maintained for each unit or group of similar units. The use of clear- 
ing accounts was also extended to other operations such as operation 
of electrical systems, water systems, and maintenance of general con- 
struction facilities. At the close of each period the charges as shown 
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on these clearing accounts were distributed, usually on the basis of 
use, but in some instances on the basis of labor or feature cost. The 
debits for clearing accounts were accumulated and totalled, and a sep- 
arate account for credits was assigned so that the cost ledgers would 
always show the accumulative total cost as well as accumulative 
credits to any one operation. With such a system of accounting, there 
was inevitably a balance, but upon the. completion of the work these 
balances were distributed to the feature accounts. 


REPAIR EXPERIENCE 



4 6 8 10 12 14 

NET OPERATING HOURS (xfOOO) 


F IQURB 300 . — Equipment investment studies. 

In entering charges for plant and equipment use on cost ledgers, 
separate clearances and entries were made for charges from the 
quarry, coarse aggregate plant, fine aggregate plant, steam and hand- 
ling systems, mixing plant, concrete hauling system, cableways, 
power systems, water systems, compressed air systems, job cleanup, 
and camp and ground. Charges for the use of the remainder of the 
construction equipment such as trucks, tractors, power shovels, and 
cranes were accumulated and posted in one entry for each period. 

Honrly rates for distribution . — Kates for power shovels were ob- 
tained directly from the cost accountant while the rates for other 
plant and equipment were prepared by the cost engineers using the 
mobile expense report (fig. 301) as the basis for mobile equipment. 
Hourly rates for the cableway varied from month to month, being 
the product of monthly charges divided by total hours operated. 




TENNESSEE VALUEV AUTHORITY MOBILE EXPENSE 
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Figure SQL-Mobile expense. 
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Hourly rates for other equipment, however, were predetermined, and 
it was necessary to adjust them only a few times during the construc- 
tion period to agree with actual costs. 



Figure 302 . — Cableivay shift report . 



. Figure 303 . — Machine shift report- 


Mac&ine time reports. — Daily shift reports were made by the ma- 
chine operates indicating their estimate of the time spent on each 
operation. IPFiih these as a basis it was possible to arrive at an 
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equitable distribution of each machine’s operating expense. The 
cableway shift report (fig. 302) was designed especially to aid the 
operator in allocating charges correctly. Operating time for shovels 


T7A 32 -dJ. 

Tennessee Talley Authority 


SHOVEL *L. Hrs. . 


Figure 304 - — Excavation foreman's report _ 

was reported on the excavation foreman’s report (fig. 304:). Rec- 
ords or truck and tractor operations were reported on shift truck 
report (fig. 305). 

Shop order systems* 

Shop order systems were maintained for the machine shop, the 
garage shop, and the carpenter shop. However, the charges from 
the electric shop for labor and material were made direct to the 
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features on which the work was done because of the relative sim- 
plicity of operations and the smaller jobs performed. The general 
method of handling shop operating charges was to allocate to the 



Figure 305 . — Shift truck report. 


proper shop operating account (set up in the clearing account group) 
all charges for direct or supervisory labor, material, and shop ex- 
pense. The shop accounts were cleared by means of shop orders. 

All requests for shop work were prepared in writing on stores 
requisition (fig. 290). Major and blanket shop orders were the two 
general types used. 
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Major shop orders . — Separate shop orders (fig. 306) were prepared 
for each major job._ On these orders were posted quantities and costs 
of material used, time required, and labor rates. The time required 



Figure 306 . — Shop order. 


was obtained from daily memorandum records of shop employees’ 
time. At the end of the month the labor and material costs were 
extended, totaled, and summarized. To this total was added a per- 
centage to cover shop overhead and the new total charge posted to the 
proper account in the cost ledger through a journal voucher. All 
such orders were cleared each month, whether the work they covered 
was completed or not. 
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To facilitate record keeping, principal item of materials such as 
repair parts for trucks and tractors were charged where possible di- 
rectly to the machine rather than through shop orders. 


7VA 1336 <11-15-36) 
Tennessee Valley Authority 
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Figure 307 . — Shop order list. 
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Blanket shop orders . — Blanket shop orders 
were used for all small jobs performed in the 
shop rather than preparing a different order 
for each one. Upon receiving a request for 
work — as previously mentioned on a materials 
requisition — the job was entered on a shop work 
order list (fig. 307) , and the item was numbered 
and classified by a member of tbe cost engineer- 
ing staff who visited the shop daily for such 
purposes. Each shop employee kept a record 
of his time on a time and material card (fig. 
308), recording the time spent and the material 
used on each job (indicated by number) . From 
these cards were posted daily the labor and ma- 
terial charges to “accumulation sheets” of 
which, in any month, there was one for each ac- 
count served. _ Each posting indicated the job 
item number, its description and purpose, and 
labor and material charges. At the end of each 
month, the completed major shop orders were 
sent with the month’s “accumulation sheets” to 
the cost engineering office where blanket shop 
orders were prepared. The “accumulation 
sheets* 7 were filed with other working papers 
in the cost engineering office, and the blanket 
shop order was turned over to the accounting 
office for vouchering. 
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Work chargeable to manufacturers . — Work was frequently per- 
formed by forces of the Authority for the benefit of manufacturers 
and subcontractors occasioned either by correcting errors of fabrica- 
tion or as a facility for such contractors working on the job. Work 
orders were set up under the general coding of NDCW to cover work 
of this nature. No work was undertaken except on written authori- 
zation of a representative of the organization concerned. All 
charges were accumulated in the proper work order, and detailed 
invoices were prepared monthly for the signatures of the represen- 
tatives. 

Hired trucks and teams. 

Throughout the construction period trucks and teams were hired 
to supplement the equipment of the Authority. They were paid for 
by the hour, their use being reported by foremen on excavation fore- 
man’s report (fig. 304) which was checked by the field time checkers. 
The owners’ invoices w~ere checked against these reports and then 
were handled through the receiving reports and later the invoice 
register, the same as material charges. The coding of such charges 
was made on the foreman’s report to he later applied to the in- 
voice when it was entered on the receiving report. 

General expense and miscellaneous accounts. 

General expenses consisted of administrative cost, engineering and 
superintendence, maintenance of headquarter facilities, project in- 
vestigations, designing, and other items of administration which 
could not be equitably distributed as work progressed. This general 
expense is similar in nature to the clearing accounts in that it was 
distributed to the features upon completion, but was carried intact 
until the completion of the work. Monthly and interim cost reports 
were intended to reflect the total cost properly applicable to units 
of the work including the proper proportion of the various clearing 
accounts and the equipment and plant charges, but excluding any 
portion of the general expense or overhead. 

The central office overhead applicable to all construction projects 
was distributed to the projects on the basis of labor. The project 
overhead, together with the central office overhead, was distributed 
to the feature accounts at the close of the job on the basis of total 
feature cost. 

Land acquisition , . — The account for the cost of land, as well as the 
cost of engineering and acquisition, was carried in a separate project 
account in the accounting office records in Knoxville. 

Engineering planning and design . — The accounting for project in- 
vestigation, design, and miscellaneous engineering services, which 
was done under the supervision of independent units of the Author- 
ity, was kept in the accounting office in Knoxville in a separate project 
account. The direct design charges by the United States Bureau of 
Reclamation were kept in the field accounting office. 

Camp and village . — No distribution was made of the cost of the 
camp and village operations to dam construction during the progress 
of the work, but an arbitrary amount based on total probable charge 
for this service was taken up monthly in the project books as an item 
of general expense with a corresponding credit to an account 
designated as “reserve for camp cost.” 



600 


THE 3f ORRIS PROJECT 


CONSTRUCTION COST ENGINEERING 

Every effort vas made by the cost engineers to develop significant 
cost information on controllable and salient construction features, 
and to bring it quickly to the attention of the superintendent and his 
staff. This information was developed in many ways. 

Cost analyses. 

Cost analyses were the principal means by which the cost engineers 
made information available for use either for job cost control, esti- 
mating, comparison with other jobs, or for record purposes. The 
analyses of any specific account involved the separating of the various 



Figure 309 . — Detailed cost analysis. 


components of costs found in the records, and the application of 
quantities furnished to obtain unit cost. They show total and unit 
costs of the different component trends of unit cost and important 
points that should be brought to the attention of the construction 
superintendent. I>etailed analyses (fig. 309 ) were prepared for all 
principal features. For short periods of time, as conditions war- 
ranted, summarized analyses of the more salient construction features 
■were prepared weekly from memorandum records and were not rec- 
onciled with the accounting records. 

Certain salient recurrent features were analyzed monthly as a 
matter of routine, while other analyses were prepared especially 
either at the request of interested parties or when the advisability of 
an analysis was apparent. 

It was necessary to make a close study of the information secured 
through analyses and to interpret the results. Occasional detection 
and correction of errors encountered gave greater significance to the 
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finished analysis. For example, in the case of concrete form analyses 
it was necessary to make adjustment for forms erected and not con- 
creted, and for forms erected and concreted but not stripped in order 
that the unit cost for forms shown as a part of the concrete over-all 
unit cost would not be misleading. 

Attempts were made to reduce costs into components which had 
definite significance and could be expressed in terms of its own quan- 
tities. For example, in the case of a concrete structure, the elements 
of cost were : 

1. Cement and its handling, expressed in number of barrels of 
cement. 

2. Coarse and fine aggregate, expressed in tons of each. 

3. Forms, expressed in square feet of contact area. 

4. Fein forcing steel and installation, expressed in weight of steel. 

5. Finishing, expressed hyarea finished. 

6. Concreting, expressed in volume of concrete placed, including 
mixing, hauling to the cableway, cableway handling, dumping and 
placing concrete into the form, cleaning and curing, and other mis- 
cellaneous operations. 

In several instances (see fig. 193, for example) charts were kept 
showing the monthly variation of component unit costs, within a given 
total unit cost. Current cost analyses were given a fairly wide dis- 
tribution. The superintendent and his assistants responsible for speci- 
fied features were given copies in addition to copies distributed to the 
construction engineer and office executives. 

Equipment plant and cost records* 

Aside from the objective^ of developing cost information which 
would enable the job authorities to control construction costs, it was 
necessary to leave a record of cost and equipment operations for other 
uses. It was realized that these records should be kept in such form 
that they would be available for a multiplicity of uses, such as : 

1. Establishing probable cost of future projects or in determining 
their most economical design. 

2. Comparing unit costs of Norris Dam with other projects of the 
Authority. 

3. Setting up their permanent plant inventory record. 

4. Preparing reports to the Federal Power Commission. 

In general it was felt that where the conditions of the accounting 
records made it at all feasible, the expense and effort of establishing 
logical, accurate, and detailed statements of the components of all 
cost accounts were well worth while in that they would eliminate 
future expensive research. It was also realized that future research 
would not be as accurate or satisfactory as the analyses that could be 
compiled by the cost engineers during the construction period. In 
general, the analyses of feature accounts in the form established dur- 
ing the construction period were considered satisfactory for record 
purposes. 

The procedure followed in establishing the final cost records vas_ to 
prepare “preliminary final” analyses of cost accounts in balance with 
the accounting records before the final closure of the books, using 
such quantities as were available at the time. Narratives were pre- 
pared with the “preliminary final” analyses which were later used 



Figure 310. — Shift concrete report* 

Cost estimates. 

The purposes of estimates made by tide cost engineers were varied. 
Principally the estimates were in connection with proposed alternate 
design or construction methods and with proposed modification of 
the construction schedule. The most frequent work of this nature 
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was in connection with the construction budget and monthly com- 
parison of actual and revised estimated cost with the budget, and with 
the original estimate. The work of preparing such estimates was 
usually assigned to the cost engineers because they were most familiar 
with unit costs and the conditions affecting them. 



Figure 311 . — Norris Dam foundation Jnspector*s shift report. 


Daily reports for job control. 

Items of particular significance were submitted daily to the super- 
intendent, information concerning 1 day’s operations being reported 
on the next. Such reports included progress made, labor gang oper- 
ations, labor classifications, and pay roll charges to cost account and 
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Figure 312 .— Daily f orce 
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were supplemented at times bj partial cost figures on construction 
items. While all such reports did not originate with the cost engi- 
neering staff, they were prepared with the ultimate view of control- 
ling and reducing job costs. Concrete progress for the day was re- 
corded on the shift concrete report (fig. 310) prepared by the concrete 
technologist for each shift on which the mixing plant was operated. 
A foundation inspector’s shift report (fig. 311) was turned in by 
each drilling and grouting inspector stating progress of drilling ancl 
grouting for foundation treatment. Daily force reports (fig. 312) 
were prepared by the time office showing the number of men on the 
job in each classification, tbe number of absentees, and the men hired 
and terminated (also by classification). These were supplemented 
by reports, also prepared by the time office but at less frequent inter- 
vals, showing the foreman of each gang by name, the number of men 
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Figure 313 . — Daily excavation report. 


of each classification in his crew, and the principal activity reported 
for the day, with a recapitulation, by shifts, of men employed, show- 
ing their rates. Daily excavation reports (fig. 313) were prepared 
by the cost engineers showing the location, foreman, progress, and 
delays of each shovel. [Labor cost comparisons (fig. 314) were also 
prepared on which were tabulated daily the total direct labor charges 
to each account which was listed by number and description. This 
report provided space for 8 days so that it was possible to compare 
the labor charges of an account for an entire week with the last day 
or average of the preceding week. Other special daily progress 
reports which were prepared when needed included individual opera- 
tions of short duration but which warranted close supervision, such 
as excavation and concreting in the east abutment tunnel and core 
wall, riveting the scroll cases, and erection and riveting of the 
powerhouse structural steel framework. 
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This report is designed primarily to give the Construction Superintendent a daily report 
of the distribution of labor , Each day the new charges are entered in the proper spaces, 
Accounts should be grouped according to physical location. 
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Time studies. 

Detailed studies of certain construction operations where opportuni- 
ties for considerable savings appeared to exist were made by a iield 
time study crew of three men. The first such study made covered the 
operating time, delays, and progress on wagon drilling in the quarry 
and in foundation excavations. Another study covering a 2 -month 
period was made on the production, operating time, and delays in the 
operation of the coarse and fine aggregate plant. The most lengthy 
study undertaken was in the quarry in connection with drill bits. 
This" study covered a period of 5 months, during which time a com- 
parative test was run of the performance of regular drill steel and 
three makes of detachable bits for the wagon drills (see p. 230), 
Another major assignment was a detailed time and production study 
of panel form operations for mass concrete. In this study, relative 
costs of the various component operations were established, and certain 
recurrent causes of increased cost were brought to light. Subsequent 
assignments took the form of shorter studies on structural steel erec- 
tion and riveting and scroll case riveting. 

Such time studies developed information which was not only valu- 
able from the standpoint of assisting in controlling job costs but was 
useful in developing more highly refined procedures in selections of 
better equipment at other projects of the Authority. 

Machine operations and delays. 

On principal pieces of the construction equipment and on principal 
parts of the assembled plants, a record was kept of the delays as well 
as the operating time (fig. 315). Delays were subdivided into me- 
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chanical and miscellaneous delays. When summarized, such informa- 
tion indicated weaknesses in operation which might be corrected. It 
also provided valuable information for use in making future purchases 
of equipment and plant for other projects. Delay studies which re- 
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reived the most job consideration were those of assembled plants such 
as the cableway, mixing plant, sand plant (fig. 316), and crushing and 
screening plant (fig. 317). 



Repair mud replacement analyses. 

Careful studies were made of repair and replacement items on 
major pieces of equipment and assembled plants. The master me- 
chanic maintained a log on form 665 (fig. 318) of the replacement 
parts for major pieces of equipment. This log disclosed weaknesses 
m the equipment which required frequent repair, and was of consider- 
able assistance in making future purchases. 
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Detailed records were kept on the replacements of screens in the 
screening 1 plant and on the replacement of hammers for the sand 
plant hammer mills. Information disclosed in these, records resulted 
m great economy by the selection of parts which gave longer life. 



CONSTRUCTION BUDGET 

The general procedure under which funds were made available for 
the construction was that the construction organization prepared 
semiannual estimates of the funds required to perform construction 
in accordance with the approved construction schedule. The esti- 

155813 — 40 40 
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mates were submitted to the assistant chief engineer in Knoxville, 
where all such similar requests from other projects were assembled, 
correlated for omission and overlapping, and a final statement pre- 
pared showing the needs for all engineering and construction opera- 
tions. This statement was then submitted to the general manager 
and in turn to the Board of Directors for approval. When funds were 
appropriated by Congress the amounts as shown in the approved 
budgets were earmarked to each organization. 



Figure 313. — Equipment report of repair and mechanical condition. 

The expenditures of each organization were recorded by the central 
budget office and a running record was kept of obligations as com- 
pared to funds allotted. A similar check was maintained in the field 
office. In general, when funds were allocated to a given organization 
for an operation which included several elements, no attempt was 
made to force the organization to allot its funds between the different 
elements exactly as originally estimated. Within an organizational 
budget, therefore, overruns were balanced against underruns. How- 
ever, organization budgets were watched carefully to see that 
obligations were not incurred in excess of allotted amounts, and that 
allotments in excess of requirements were released to the unallotted 
general fund of the Authority. Unobligated balances of allotments 
at the end of a fiscal year were transferred to the general fund. 

Budget requests. 

Budget requests consisted essentially of a brief statement of the 
scope and estimated cost of the work to be done un der the requested 
allotment, a su mm arized cost statement by construction features 
showing obligations to the beginning of the fiscal period, estimated 
obligations for the fiscal period, estimated obligations subsequent to 
the fiscal period, total estimated obligations, and the amount of the 
original approved preliminary cost estimates. Supplementing this, 
there was attached a list of salaried employees by name, rate, and 
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anticipated earnings: a list of the estimated average number of hourly 
employees in each classification, and their anticipated earnings; and 
a summarized statement of the expected cost of the work to be done 
directly or indirectly by the field office. 

Budget estimates ~ were in general submitted semiannually, in time 
for consideration before June 30 (the end of the fiscal year) and 
January 1 (the middle of the fiscal year). Based on the June 30 
estimate, the allotment for the entire coming fiscal year was made. 
At the midyear the allotment was modified, as indicated by the more 
recent estimates. 

Monthly budget report. 

The budget office in Knoxville issued a monthly report, without 
detail, comparing the status of obligations against individual allot- 
ments, with the allotments. In order to give a check of the budget- 
ary status for the job, a more detailed monthly report was used in 
which it was possible to use the more recently developed unit costs 
and estimates of uncompleted quantities. This made it possible 
to forecast probable modifications of previously estimated obligations 
in the light of more recent developments on the job. Such a pro- 
cedure was of great value to the job officials in checking the status of 
the project with respect to budgetary consideration and to the ap- 
proved preliminary cost estimates. 

The form used for this report was TYA 226 (fig. 319), cost report 
and revised estimate to complete. Money amounts for the month and 
to date were secured from the accounting records. Quantities for the 
month, to date, and estimated to complete the project were secured 
from the engineering organization. Extensions of the revised esti- 
mates to complete and the revised estimated total costs were made by 
the cost engineer, being guided not only by the unit cost developed, 
but by all other considerations bearing on anticipated future costs 
which could be determined, such as the increased ratio of formed 
area to concrete volume in the dam as work progressed from the base 
to the crest, and probable increases in unit costs due to the tapering 
off of heavy construction. 

SUMMARY OF COSTS 

The final cost of the original [Norris project as reported herein at 
$32,269,027.13 (General Summary, Table 100— A) , includes hydraulic 
multiple-purpose plant (consisting of land and land rights for which 
title rests in the United States Government, structures, improvements, 
and equipment), together with transmission plant and general plant 
constructed concurrently with the dam. The construction cost of the 
town of Norris, forest improvements to reservoir lands, Big Ridge 
and Norris Parks, the service building, the fish hatchery, and other 
similar nonproject items are not reflected in this report. 

The final cost of the project, by character of expenditures, is as fol- 
lows (Detailed Summary, Table 100-B) : 

costs $8, 740, 240. 12 

Construction costs: 

I>irect cottstraeticn costs $lg, 584, 745. 37 

Indirect construction costs 1, 741, 590. 41 

20, 326, 335. 78 
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.Distributive general expenses: 

Design and construction engineering $1. S27, 494. 40 

Executive and administrative costs 1, 057, 421. 51 

Other general costs 317, 535. 32 

$3, 202, 451. 23 


Total cost 32, 209, 027. 13 

Land costs in the amount of $8,740,240.12 cover reservoir and Morris 
freeway land purchased in fee, flowage easements and highway relo- 
cation easements, for which title rested in the United States Govern- 
ment as of September 30, 1938. 

Direct construction costs, totaling $18,584,745.37, are for labor, ma- 
terial, construction plant, equipment, tools, shop expense, warehouse 
charges, transportation, and other similar expenditures. 

Indirect construction costs total $1,741,590.41 and include field 
superintendence, field office expense, provision for medical service, 
police and guide service, and the cost of camp operation including 
the entire first cost of temporary camp facilities and normal deprecia- 
tion during the construction period on the permanent town facilities 
(p. 631). These costs have been distributed on the basis of the direct 
construction costs of those organizations incurring them. 

Design and construction engineering costs amounting to $1,827,- 
494.40 include the Norris project’s proportion of the chief engineers 
general administrative office, the salaries and expenses of executive 
and supervisory engineers, cost engineers, concrete technicians, in- 
spectors, engineering for control lines, geologic studies, design of 
structures including the United States Bureau of Reclamation de- 
sign charges and a small amount of consultation fees (p. 632) . These 
engineering costs have been distributed on the basis of related con- 
struction costs. 

Executive and administrative costs, totaling $1,057,421.51, include 
the Norris project’s proportion of the salaries and expenses of the 
general administrative offices of the Authority and those division 
administrative offices, such as the construction and maintenance and 
the highway and railroad organizations that were concerned with 
the construction of specific portions of the project (p. 632). These 
costs have been distributed likewise on the basis of related construc- 
tion costs. 

Other general costs of $317,535.32 include such charges as reservoir 
and dam site surveying and mapping, hydraulic studies, and general 
project planning (p. 632). These have been distributed over all ac- 
counts exclusive of land costs. 

In the “Tliree-Plant Allocation Report,” 1 as approved on June 6, 
1938, a preliminary figure was used for Norris hydraulic multiple- 
purpose plant of $31,532,120. This was based npon the books of ac- 
count as of February 28, 1938, adjusted to exclude those items of 
cost not subject to allocation and to include estimates of allocable 
expenditures yet to be made. 

The balance sheet of the Authority of June 30, 1938, shows the 
hydraulic multiple-purpose plant of the Norris project at_ $30,749,- 
776.34, a reduction of $782,344, which is accounted for by elimination 
of such items as estimates to complete, miscellaneous structures (fish 


See appendix H. 
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hatchery, service building, and forestry plant), a portion of the 
camp loss resulting from a redetermination, and forestry work. 

The cost of the hydraulic multiple-purpose plant as reported herein, 
totaling $30,508,024.41 (table 100-A), differs from the June 30, 1938, 
balance sheet figure principally because of the elimination of land costs, 
where clear title has not yet passed to the United States, and the 
elimination of land costs not related to the reservoir, the Norris free- 
way and highway relocations. 

The Authority has deposited $139,546.43 with the courts for land 
in condemnation. As the cases are settled and clear title has passed 
to the United States, the final costs thereof including acquisition and 
condemnation costs will be added to the project cost. 

The schedules following represent summary statements of detailed 
analyses of cost. 

Table 100-A. — Final project cost — general summary 

Description | Amount 

HYDRAULIC MULTIPLE PURPOSE PLANT 

20 Land and land rights 

21 Structures and improvements 

22 Reservoirs, dams, and waterways - 

23 Water wheels, turbines, and generators 

24 Accessory electric equipment 

25 Miscellaneous power plant equipment 

26 Roads, railroads, and bridges -- 

Total 

TRANSMISSION PLANT 

42 Structures and improvements, 

43 Station equipment 

TotaL 

GENERAL PLANT 

General plant— Norris 

General plant— other 

Total. 

Grand total 


$12,992,707.(34 
1,632,051.90 
12.948. 564.08 
2,095,826.87 
317, 932. 91 
245,040.37 
275, 900.34 

30,508,024.41 


26,253.53 
966, 164.41 

992,417.94 


753,248.97 

15,335.81 

768,584.78 

32,269,027.13 





Table 100-B . — Final project cost — detailed summaij 
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Table 100-C . — -Final project cost — details 

LAND COSTS AND DIRECT CONSTRUCTION COSTS 

HYDRAULIC MULTIPLE-PURPOSE PLANT 


LAND AND LAND RIGHTS 


Account 

; Description 

j Quantity 

Unit 

Rate 

Amount 

200 

Purchase price of land: 





-1 

Reservoir land — Fee purchases. Ex- 






eludes tracts in process of condemna- 
tion where title had not been irsns- 






ferred as of Sept. 30, 1938: 





-10 

Purchased under resolution of 

110,809.64 

Acre 

$58.82 

$6,517,867. 65 


board of directors, dated Oct. 
16, 1933, authorizing acquisition 






of all necessary tracts lying with- 
in *4 mile of flood stage (eleva- 






tion 1047) (2,191 tracts). 





-11 

Purchased under separate board 
resolutions, authorizing acqui- 
sition of Central Peninsula area, 

30, 960.42 

Acre 

36.42 

1, 127,543. 89 







small isolated peninsulas, and 
other lands within the reserva- 






tion limits (543 tracts). 





-2 

Reservoir land rights — Flowage. Ease- 

36. 18 

Acre 

79.05 

2,860.00 


ment purchases (5 tracts). 




Total account No. 200 

141,806.24 

Acre 

53.93 

7,648,271.54 





201 

Expense of land and privilege acquisition: 
Cost of acquiring land and land rights 
set forth in account 200 (141,806.24 

2,739 

Tract 

347.52 

951, 857. 15 




acres). 






Total account No. 201 




951,857.15 






204 

Relocating highways and highway bridges: 
State highways: 





-0 





-01 

Highway No. 33 including drain- 
age structures. 




475,694.77 





-02 

Highway No. 9 including bridges 
and drainage structures. 




118,827.11 





-03 

Highway No. 63 including drainage 




1 57,047.71 

i 16,953.46 

1 

-04 

structures. 

Highway No. 32 including drainage 




structures. 

Clinch River Bridge 




-05 

349,795.04 






Total State highways 

11.97 

Mile.- 

85,072.52 

! 1,018,318.09 




-1 

-100 

County highways: 

Peninsula Rd. including bridges and 
; drainage structures. 




86,817.45 




-101 

"Wells Spring Rd. including drainage 
structures. 




26, 164. 00 



: 


-102 

Agee-LaFollette Rd. ineluding drain- 
age structures. 

Big Sink-Stiner Rd. including bridges 
and drainage structures. 




166, 974. 43 

12,889.48 

-103 




-104 




Hickory Valley Rd. including drainage 
structures. 

24,887.39 




-105 

Lone Mountain Rd. including drain- 
age structures. 

132, 177. 85 




-106 

Plat Hollow Rd. Including bridges 
and drainage structures. 




19, 696. 08 

-107 




Lindsay Mill Rd. including drainage 
structures . 

15,756.41 




-108 

Primroy Rd. including drainage struc- 
tures. 

Whitman Hollow Rd. including drain- 
age structures. 




18,216.69 

22,453.04 

-109 







-110 

Ruben Hutson Rd. including drainage 
structures. 

2,948.93 




-111 

Cove Creek Rd. including drainage 
structures. 

2, 565.46 
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Table 100 -C.— Final project cost— -details— Continued 


LAND AND LAND RIGHTS — Continued 


Account 

*1 Description 

1 Quantity 

Unit 

| Rate 

Amount 

204 

-112 

County highways— Continued. 

331 set Fox Crook Rd* including drain- 

1 





-113 

Mountain Rd. including drainage 




- $53, 291. 51 

-114 

Cracker Creek Rd. including bridge and 




16, 790. 23 

-115 

Alternate for Highway No. 61 includ- 





42, 363. 82 

-116 

Henry Store Rd. including bridge and 




15, 095. 78 

-117 

IndLian Creek Rd. including drainage 




34, 800. 50 

-118 

^tixres^ * nc * U( ^ Ilg drainage struc- 




I 20, 032. 67 

-119 | 

P stroioSs. Ed ‘ facIud “ E draillage 




29, 250. 32 

-120 

F°-E at 




73, 728. 65 

-121 

-122 

tunis 8X1611 1DCiU( l 1I1 S drainage struc* 
Andersonville-Loyston Rd 

Prnnroy Bridge.. _ 




5, 374. 54 

1, 268. 74 
29,514.74 
con t t 

-123 

Big Creek Bridge.. 





~ . T ° ta ? county highways 

64.5 
23. 79 

Mile 

$13, 610. 53 
3, 585. 38 

-art, 0£AJ» 1 / 


1 ertiary roads including bridges and drain- 
age structures. 

Bridge removals 

Mile 

877,878.88 

85,296.24 

-3 

35 


1 

Payment to Lnion County: 

Cash payment in addition to relocation 

wrnr!r nArfArmn/l a . , 

Bridge _ 

759. 52 

26, 533. 09 

u 

Se'SflSd e babflity ath0nty ’ ,0r 

T otal account No. 204 ] = 

1 


. r 

i 

141, 000. OO 

2, 149, 076. 30 


204 Relocating highways and highway bridges-Dstail by components: 


Account 

Number 

Land rights, 
highway 
easements 

Land privilege 
{ acquisition 
| expense 

” Contract 
work 

TUA force 
account 

204-01 

-02 

-03 

-04 

-05 

$10,443.32 
2, 150. 00 
4,079.94 
199.50 

j $12, 510.72 

695.04 
| 8, 34a 48 

1,042.56 

$288,970.25 

115,509.49 

44,204.32 

1 $163,770.48 

472.58 
422. 97 
15,711.40 

-100 

1,259.50 

2,432.64 

187, 537. 33 

162, 257. 71 


629.25 
2, 793. 46 
212.00 

3, 127.68 


22,407.07 


11,468.15 



347.52 



10S 

617.00 

4,487.50 

1,390.08 


22,880.31 
1 16, 569. 71 

-166 

11, 130. 64 


-107 

-108 

SQL. 10 

2,780.36 


19,696.08 
11, 985. 15 

-109 

-110 

-111 

-112 

—113 

1,248. 00 

4, 170. 24 


18.216.69 
17,034.80 
2,948. 93 
2,565.46 

AAC. A* T 

59L66 

819.00 

2,143.75 

m.m 

695.04 


-114 

-115 

-116 

-317 

-118 

-319 

1, 390. 08 


Oa, Uua* 47 

5,560.32 

1,042.56 

32,205.24 

14, 581. 15 
2,454.51 
13, 667. J2 
34,800.50 
3, 418. 33 

ni rr 

827. 75 
10. 00 
26.00 

3,475 20 

16,614.34 

-320 

347.52 


H47. 37 

-m 
-122 . 

347.52 

4, 122.02 

73, 371. 13 
• S85.00 
1,258.74 

-123 . 

1,936.86 

C fnjr, m 

24.820.17 . 

29, 514. 74 

-8 

-4 



1,306.12 

73,017. 74 





26, 583.09 


*6,844.9$ 

81, 319. 67 

715,289.28 

1, 175, 622. 42 


Release o: 
liability 


$i4i,'ooa oc' 
141, ooo. 00 


Total 


$475, 694. 77 
118,827.11 
57, 047. 71 

16.953.46 

349.795.04 
86,817.45 
26, 164. OO 

166,974.43 
12,889.48 
24,887.39 
132, 177. 85 
19, 696. 08 

15, 756. 41 
18, 216. 69 

22.453.04 
2,948.93 

2.565.46 
53,291.51 

16, 790.23 
42,363.82 
15,095.78 
34,800.50 
20,032.67 
29, 250. 32 
73, 72a 65 

5, 374. 54 
1,2681 74 
29,514.74 
24,820.17 
85,29& 24 


141,000.00 


2,149,076.30 



COSTS 


621 


Table 100—C . — Final project cost — details — Continued 
LAND AND LAND RIGHTS— -Continued 


Account 

Description ' Quantity 

Unit 

| Rate 

Amount 

205 

-1 

-2 

207 

-0 

-01 

-02 

-1 

-3 

-7 

208 

209 

-7 

-8 

Relocating railways and railway bridges : \ 

Southern Railway relocation— Relo- i 
eating 2.8 miles Middlesboro Branch: ; 

Grading . L 

t 


$266,084. 04 
147,024.60 
141, <?37. 72 
208, 917.21 
45, 591. 00 
10, 237. 18 
20, 541. 03 
51, 598. 91 
2, 529. 46 

Tunnels 




Sycamore Greet Bridge 




Clinch River Bridge 




Six culverts, concrete 




Pipe culverts, various sizes 




Powell River Bridge Protection 




Track: laying 




Shifting track 




L. & N. Railroad relocation — Cove 
Creek Bridge No. 80: 

Constructed four concrete piers, 
underpinned pedestals, and erect- 
ed three deck plate girders as 
well as the reinforcing of tw o ex- 
isting girders. 

Total account No. 205 







884. 361. 15 

108, 598. 26 



- 



992, 959.41 

Relocating other structures and improve- 
ments: 

Relocating utilities— 

Telephone lines: 

Southern Bell Telephone Co__. 






$7,241.00 

710.70 

6,192.16 

Individual subscriber lines 




Telegraph lines: 

Western Union Telegraph Co__. 




Cemetery relocation (grave removal) 

Relocating Families: This includes 
salaries and other expense involved 
in making a survey of all families 
living within the reservoir area, ren- 
dering assistance and planning their 
removal and readjustment in new 
locations; 2,847 families involved. 
Preservation of prehistoric material 
(archaeological) . 

Total account No. 207 _ 


Grave 




$14. 143. 86 

5,226 

$15. 39 

80,433.98 
i 181,831.69 

4, 161. 34 






- 




280, 570. 87 

Protecting reservoir property: 

Policing and forest fire prevention on 
reservation during construction. 

Total account No. 208 






78, 873. 57 






78, 873. 57 

Protecting existing structures and im- 
provements: 

Caryville Dam 




j 


60, 068.69 
7,148.71 

Protection from seepage (McGhee tract). 

Total account No. 209 









67,217.40 

Total land and land rights 






12, 168, 826. 24 






STRUCTURES AND IMPROVEMENTS 


211 


-1 


-0 

-00 


General preparation of site: 




$3, 966.68 





3,966.68 

General yard improvements: 

Grading and landscaping: 

General grading and landscaping 
along dam approaches at over- 
look and at parking areas. 

Flag pole, memorial plaque, foun- 
tains, etc. 




68,489.40 

4,257.79 
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Table 100-C. — Final project cost — details — Continued 
STRUCTURES AND IMPROVEMENTS— Continued 


-1 

-n 

-12 

-2 

-20 

-200 

-201 

-202 

-21 

-4 

-40 

-6 

-0 

-90 

-91 

-92 


-1 

-10 

-11 

-2 

—22 

-23 

—3 

-30 

-4 

-40 

-400 

-401 

-402 


-41 

-410 

-411 

-412 


-6 

-61 

-610 


-421 

-424 


-45 

-451 


Description 


Quantity- 


Unit 


General yard improvements — Con. 

Roads, sidewalks, bridges, trestles: 
Sidewalks, curbs and parapet walls 
at east end of dam . 

Powerhouse approach road curb 

Retaining walls, fences, gates and rail- 
ings: 

Retaining or property walls: 

Concrete wall, southeast cor- 
ner of powerhouse. 

Concrete wall, east bank serv- 
ice road. 

Concrete wall, under bead- 
_ tower runway beam. 

Fences protecting quarry 

Water filter and pumping system: 

Drinking water system 

Sewers and drainage system 

Power and lighting (not part of any 
structure): 

East approach 

West approach _ 

Flood lighting: Downstream face 
of dam. 


Total account No. 212.. 


Powerhouse: 

Diversion and care of water: 

Protection from floods after aban- 
donment of cofferdam No. 3. 

Cofferdam No. 4 

Excavation and backfill: 

Earth excavation — general _ 

Rock excavation— general 

F oundation preparation and treatment: 

Drilling grout holes 

Concrete: 

Substructure concrete: 

Concreting 

Forms ’ 

Reinforcing steel I”””I 


Total substructure concrete. 

Superstructure concrete: 

Concreting., 

Forms " 

Reinforcing steel 


Total superstructure con* 


Superstructare: 

Interior masonry: 

Hollow tile partitions, 2 inch 
to 8 inch. 

Acoustical ceiling 

Steel and iron: 

Structural steel _ 

Miscellaneous steel and iron.’” 

Aluminum work 

"Wire and steel partitions " 

Steel baseboard ””” 

Kalamda and hollow metalwork: 

Hollow metal doors 

window frames and sash 

Marble end terraxxo, etc.: 

~r tile 


Quarry t 
Terra**© 


Linoleum 

Burlap wall ftiy> 

Structural glass 

Roofing and sheet metalwork: 


Cubic yard 

Cubic yard 


Cubic yard 


Rate 


Cubic yard 


61, 623 
44,754 


21.368 

77,043 

873,538 


21,368 


$33. 51 
35.85 


13. 85 

24.7 8 


Cubic yard. 
Cubic yard. 


Cubic yard.. 
Square foot- 
pound 


4,049 

132.698 

456,694 


4,049 


1,523 


1,858,319 

96,840 


4,465 

304 


1, 985 
3,625 


14,707 



240 

74 

2,258 


19, 255 


1, 171 


Cubic yard _ . . 


Cubic yard_. 
Square foot- 
Pound 


Cubic yard 

Cubic foot 

Square yard,. 

Pound 

Pound 


Pound. 
Linear foot... 


Square foot... 
Square foot... 


Square foot.. 


Square yard- 
Square yard.. 
Square foot 


Square foot. 


Square yard.. 


3, 744 j Square foot.” 


0.51 

2.28 


7.15 

1.75 

.039 


16.23 
1. 12 
.055 


1.27 

3.52 


.053 

.16 


14.00 
A 92 


2.61 

2.71 

2.59 


L 31 
6.25 

~~3T 


Amount 


$31, 461. 71 
1, 613. 25 

4,311. 39 

1, 922. 91 

2, 205. 61 

1, 166. 24 

12. 316.35 
5,756.39 


8, 552. 99 
2, 401. 12 
1,803.99 


146. 259. 14 


26, 852. 54 


31, 233. 01 
102, 222. 76 


6, 833. 28 


152, 715. 28 
135,083.05 
34, 288. 59 


322, 086. 92 


65. 695. 31 
148, 855. OO 

25.082.31 


239,632. 62 


288.70 

99, 11 A 41 
15,823.81 
11,873.65 
1, 414.53 
939.23 

27, 786.37 
17,828.62 

9,303.90 
2, 86A 82 
626. 56 
200.39 
5,858-23 


25,299. 02 


7, 318. 11 


9, 66a 18 
1,544.98 



COSTS 


623 


Table 100— C. — Final project cost — details — Continued 
STRUCTURES AND IMPROVEMENTS-— Continued 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

213 

-S 

-80 

Powerhouse — Continued. 

Service work: 

Plumbing 




$12, 542. 41 
17, 854.97 

4, 333.11 

15, 258.75 
6,450. 12 

11,560.26 

-81 

Floor and roof drains 




-82 

-825 

Heating: 

Fixtures: 32 assorted electric 




-S3 

space heaters. 

Air conditioning 




-84 

Ventilating system .... 




-89 

-895 

Lighting: 

Fixtures, switches, receptacles . 








Total account No. 213 




1,072,820.80 






217 

-1 

Air, water, and automotive terminals: 

Automobile parking area 




13, 899. £0 







Total account No. 217 ___ 




13,899.60 






Total structures and improvements-.. 




| 1,236,946.22 







RESERVOIRS, DAMS, AND WATERWAYS 


-0 

-6 

-60 


-61 

-62 


-0 

-00 


-1 

-11 

-12 

-13 

-15 

-19 

-2 

-22 

-23 

-24 

-3 

-30 


-31 

-34 

-35 

-350 

-351 

-37 


-40 

-400 

-401 


-41 

-410 

-411 

-412 


Reservoir: 

Clearing — 

Rim treatment: 

Drilling grout holes 2J4-inch and 
3-inch core drill and 6-inch well 
drill holes. 

Grouting 

Excavation 

Concrete 


Total account No. 220_ 


Concrete dam and spillway: 

Exploration of foundation: 

Test pits: Excavation, grouting, 
concreting. 

Drilling and geophysical investi- 
gation. 

Diversion. and care of water: 

Coffer damNo. 1 

Cofferdam No. 2 

Cofferdam No. 3, including bridge 
and ramp. 

Cofferdam No. 5 

Final closure 

Excavation and backfill: 

Earth excavation, general 

Rock excavation, general 

Backfilling-- 

Foundation preparation and treatment: 
Drilling grout holes, 2M-inch wag- 
on drill and 3-inch and 534-inch 
shot core drill holes. 

Pipe and fittings 

Seam washing 

Seam tunnels: 

Excavation 

Concrete 

Pressure grouting - 

Foundation drams (metal, con- 
crete, wood, etc.). 

Concrete: 

Mass concrete: 

Concreting 

Forms 

Reinforcing steel 


Total mass concrete. . 

Spillway crest and piers: 

Concreting 

Forms 

Reinforcing steel 


Total spillway crest and 
piers concrete. 


257, 736 
402 
402 


124,872 
241, 261 
17, 147 


2,940 

2,531 

203,054 


872,109 
1, 132,550 
2, 177,465 


872,109 


13,248 

84,449 

457,274 


13,248 


Cubic foot 

Cubic yard- 
cubic yard.. 


Cubic yard. 
Cubic yard. 
Cubic yard. 


Cubic yard. 
Cubic yard. 
Cubic foot.. 


Cubic yard.. 
Square foot- 
pound — 


Cubic yard.. 


Cubic yard.. 
Square foot.. 
Pound 


Cubic yard.. 


$81.00 


.54 

19.00 

9.55 


.51 
2.28 
. 91 


9.69 

6.50 

1.26 


4.53 

.53 


6.31 

.94 

.049 


$1, 140, 358. 32 
138, 018.13 


138, 091.27 
7,638.28 
3, 840.70 


1, 427.946.70 


19,083.37 
10, 256. 43 


172,847.53 

46,965.29 

119,537.59 

5,042.54 

13,734.26 

63,290. 13 
551,002 72 
15,584. 15 

181, 969. 84 


30, 396. 39 
43, 005. 54 

28, 483. 21 
16, 458. 02 
255,833.17 
7, 87 8. £2 


3, 952, 749. 22 
603, 331. 55 
84, 260. 62 


4,640,141.39 


83, 551. 79 
79,799.58 
22,593.61 


185,954.98 
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Table 100— C - — Final project cost- — details — Continued 
RESERVOIRS, DAMS, AND WATERWAYS — Continued 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

221 

Concrete dam and spillw ay-— Continued. 






C oncrete — Continued. 





-42 

Spillway apron: 





-420 


26, 161 
37, 620 
163, 547 

Cubic yard—.. 
Square foot— 

$5. 60 

$146,612.89 
36,041. 11 

-421 


-422 

Reinforcing steel 

- *034 



5, 614. 85 


Total spillway apron eon- 

26, 161 

Cubic yard 

7.20 

188, 268. 85 

—43 

Reinforced training walls: 





-430 


8, 068 

Cubic yard 

6.35 

51,215. 73 


“431 

37, 874 
739,099 

Square foot 


31, 491. 23 
25, 766. 41 

“432 

Reinforcing steel 

.035 





Total reinforced training 

8,068 

Cubic yard 

13.44 

108, 473. 37 

-44 

Gravity training wall: 





-440 


11,558 

34,294 

Cubic yard 

Square foot 

4.79 

55,382.31 
23, 344. 93 

-441 





Total gravity training wall 
concrete. 

Outlet trashraek structures: 

11,558 

Cubic yard — 

6.81 

78,727.24 

-45 




- - — 

-450 


3, 639 
40,340 
198, 136 

Cubic yard 

Square foot 

6.15 

.90 

.043 

22,375.83 

36,433.76 

8,472.29 

-451 


-452 

Reinforcing steel 





Total outlet trashraek struc- 

3, 639 

Cubic yard 

18.49 

67, 281. 88 

-47 

Inteke trashraek structures: 





-470 

Concreting 

1, 503 


11. 55 

1. 46 
.044 

17,366.64 
55, 078. SI 
| 8 , 955. 72 

-471 


37, 694 
202,854 

Square foot 

-472 

Reinforcing steel 





Total intake trashraek struc- 

1,503 

Cubic yard 

54. 16 

81, 401. 17 


tore concrete. 


-5 

Joints, stops, waterproofing, and 






drains: 





-54 

Grout pipe and bores for pressure 
grouting. 

■ 



38, 356.28 

-56 




Copper, water, and grout stops 

42,985 

Pound 

46 

19,987.01 

4,484.36 

-57 

Core drilling for contraction grout- 

1,224 

Linear foot 

3 . 66 . 

-58 

ing. 

Drains (formed or porous tile, etc.)_ 

23,593 

Linear foot 

1.74 

41, 006.33 

-59 

Gallery drainage (pumps and pip- 

1 

System 

4,397.56 


ing). 



-6 ! 

Gates and appurtenances: 





-60 

Outlet gates (eight sluiceways): 





-601 

-602 

Gates and conduit liners 

ripp-rar.mg ftfjnipmpnt 

2,030,490 

Round 

.073 

148, 312. 59 

-603 

Trasbracks and supports 

525,033 

■Prwmd 

.033 

62, 444- 38 
17, 185. 54 

-61 

Crest gates: 


-611 

Three drum gates 

1,279,412 

Prmnd 

. 10 

132,356-23 
32, 142. 33 

212,037. 14 

-612 

Operating equipment 


-62 

-630 

Intake gates: 

Two tractor gates, operating 





equipment, guides, seats, and 





emergency gate guides. 





-623 

Trasbracks and supports 

765,824 

Pound 

.040 

30, 805. 10 

6 , 205. 03 

-flat 

Trash cleaning system 


-7 

Auxiliary structures or equipment: 



- 


-71 

Elevator 




15, 291. 18 

-72 

Bridges, walkways, culverts.. 




l 752^ 38 

-74 

Miscellaneous iron: 





» -740 

Floor plates, grating, and doors. . 




3, 266-26 

5, 662. S3 

1 710.44 

-741 

Ladders and stairs 

16,058 

Pound 

; 35 " 

-75 

Handrailing 


-78 

Gallery ventilation _ . 




’ 94^3 

-7® 

Elevator penthouse 




12, 215.' 43 

-6 

Electric work: 





Protective equipment: 





-902 

Equipment grounds 

4,767 

Pramd 

.97 

4,613.29 

-4S 

Conduit work: 


-65© 

Concealed steel 

92,967 

40,577 

4, 983 

20 


.18 
.26 
. 17 

23. 13 

16, 770. 79 
10,606.73 
852.30 
402.63 
4,500- 50 

1, 196. 05 

-flSI 

Exposed steel 

Pmi r»d 

~m® 

Nonmetaliie 



Concrete envelopes 

Cubic yard 

-fltt 

Boxes and cabinets 

.*56 

Concrete vault, manhole frame . 


: 


and cover. 


i 1 



COSTS 
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Table 100-C . — Final project cost — details — Continued 


RESERVOIRS. DAMS, AND WATERWAYS — Continued 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

221 

Concrete dam and spillway— Continued. 





Electric work— Continued. 





-96 

Power wiring: 





-960 

Braided cable and wire 




$4,059.65 

-962 

Armored cable. 




-97 

Control wiring: 





-970 

Braided cable and wire. 





-971 

Leaded cable _ 





-972 

Armored cable 





-9S0 

-993 

Lighting transformers _ 

75 

Kilovolt amp... 

$5.83 

10.85 

* 437 03 
3, 299.35 

Lighting fixtures 

304 




Total account No. 221 




7, 755, 118. 59 

223 

East embankment: 





-2 

Excavation and backfill: 





-21 

Stripping 




1, 892. 53 
104, 108.43 

-27 

Core trench excavation, including 
331,128 feet board measure of 
shoring. 

6.021 

Cubic yard 

17.29 


-3 

Foundation preparation and treat- 






ment: 





-30 

-35 


17, 246 

Linear foot 

2.64 

45, 483.63 

Seam tunnels: 

-350 

-351 

-4 


2,248 

2,479 

Cubic yard 

Cubic yarde.. 

18.91 
10. 12 

42, 502.84 
25, 090.29 


Cut-off wall (core wall) : 

-43 

Concrete wall: 







5, 988 
12, 902 
376, 759 

Cubic yard... 

Square foot 

Pound. 

7. 59 
79 

45,471.91 

10,246.24 

12,431.34 

-431 
-432 1 


Reinforcing steel 

. 033 





Total cut-off wall concrete 

5,988 

Cubic yard 

11.38 

68, 149. 49 

-7 

Rolled fill: 


-72 i 

Spreading and rolling 

71, 60S 

Cubic yard 

.77 

55,283.55 


-8 j 

Slope protection: 

4,173 ; 

Cubic yard 


-81 

-83 

Riprap 

7.05 

29, 405. 94 
2,462.73 
6,004.35 

Seeding and sodding 

-84 

Drainage 

! 


! 






Total account No. 223 




380.383. 78 






224 

Buffalo Creek divide dike (Loyston dike): 




! 

-2 

Excavation and backfill 




1, 527. 28 
15, 427. 08 

-3 

Foundation preparation and treat- 
ment. 








-7 

Rolled fill 

80,458 

Cubic yard 

.64 

51, 626. 52 

-8 

Slope protection: 

-81 

-83 

Riprap . _ - 

7,700 

Cubic yard — 

.92 

7, 119. 42 

4, 676. 85 

Top soil, seeding, sodding 






Total account No. 224 




80, 377. 15 






226 

Water conductors: 





-3 

Penstock pipe. 

1, 241, 534 

Pound 

.10 

125,008.74 

-8 

Tailrace: 



-80 

-83 

Paving, concrete 

117 

Cubic yard 

6. 97 

815.80 

Riprap, including concrete toe 

28,762.34 






Total account No. 226 




154,586.88 







Total reservoirs, dams, and 
waterways. 




9,798,413.10 






WATER WHEELS, TURBINES, AND GENERATORS 


Foundations and miscellaneous steel and 
iron: 

Draft tube pier nose castings 

61,930 

Pound 

$0,058 

$3,586.80 



3. 586.80 

Turbines, including scroll cases, speed j 
rings, and draft tube liners: 

(Francis type 66,000 horsepower) 

flrvwrmf’. 'Nn. 531 


1 

Turbine. 


2 

293,449.64 

586,899.27 



586, 899. 27 






155813 — 40 41 



THE ZSTORRIS PROJECT 


Table 100-C . — Final project cost — details — Continued 
WATER WHEELS, TURBINES, AND GENERATORS — Continued 


Auxiliary equipment for turbines: 

Governors. 

Piezometer piping 


Governor $17,737.57 


Total account No. 232. 


Generators— -2 at 56,000 kSovolt-amp.. 


100,800 Kilowatt.. 


Total account No. 235.. 


Auxiliary equipment for generators: 

Excitation system... 

Generator cooling, beating, and ven* | 
tilating system. j 


System 1, 352. 41 

System 2, 519. 87 


Total account No. 236. . 


Miscellaneous equipment for turbines and 
generators: 

Generator and turbine lubrication and 
turbine cooling. 

Hydraulic gage board ._! 


System | 1,549.34 

Board ...I 3, 115.63 


$35, 475. 14 
4, 039. 14 


Total account No. 239 

Total water wheels, turbines, and ..... _ . 

generators. * 


ACCESSORY ELECTRIC EQUIPMENT 


Switchgear: 


Assembled switchgear: 

Potential and surge protection 
cubicle. 

Neutral O. C. B and cubicle 

Disconnecting switches: 2 manual, 2 
motor operating, 15-kilovolts. 
Instrument transformers: 8 13,800- 

volts potential and 34 15,000-volts 
current transformers. 


Total account No. 241 . 


Switchboards: 

M *io control boards: Back to back 
instrument and relay board, and 
. benchboard. 

Control terminal cabinets for 22 
switchboard panels. 

449- volts altemati ng-ourren t boards.. . . 

Battery boards 

Load and frequency control and 
standard frequency source. 
Annunciator equipment 


Total account No. 242. 


Protective equipment: 

Grounding system... 

Neutral reactors and cubicles. 


Total account No. 243.. 


Electrical structures: 

Metal eaekwsnres (bus housings) . . 
Cable trays and racks: 15,057 pounds, 
galvanized steel, 4,745 pounds tran- 
sit®. 


Total account No. 244. 


Conduit work: 

! Concealed steel ... 

Exposed steel 

NenmetaHlc: 4-incb translte. . 
Pull boxes and cabinets I , 


Total account No. 245. 


2 Cubicle ..$3,954.35 

2 O. C .B 1,563.39 

4 Switch 557.86 


42 Transformer.. 


5 Board... 
1 Board... 


10,483 Pound... 
2 Reactor. . 


2 1 Enclosure. 


69,525 Pound... 

25, 158 Pound 

11,109 Pound.... 


26, 443. 98 
2, 931. 20 
14,017.73 


6,450.27 

3,158.57, 


22,590.85 
8,896.34 
1. 437. 21 
4,132.79 
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Table 100-C . — Final project cost — details — Continued 
ACCESSORY ELECTRIC EQUIPMENT — Continued 


Account 

Description 

i Quantity 

| U nit 

J Rate 

Amount 

246 

-0 

-00 

-01 

Power wiring: 

Braided cable: 

i Low voltage.. 1 

| 1 j 


$9, 59S. 25 
1, 070. 08 

High voltage 

! * * - ------- 


Bare bars, tubes, shapes 

j 2,977 


$0.63 

1, 875.25 
430. 25 


Insulators and bushings, 15-kilovolt 



Power receptacles (except lighting) 

20 

Outlet 

26. 44 

528. 89 


Total account No. 246 




13, 502. 72 






247 

-0 

i Control wiring: 

| Braided wire and cable 




8, 130. 25 






Total account No. 247__ 




S, 130. 25 






249 

—0 

-00 

-01 

-1 j 

j Station service equipment: 
j Transformers: 

Auxiliary power, two 750-kilovolt- 
ampere, self-cooled, 14,200/460- 
volt, 3-phase. 

Lighting and heating, 10O- and 75- 
kilovolt-ampere, 480-240/120-volt, 
single-phase. 

Control battery and charging equip- 

1,500 

175 

Kilovolt-am- 

pere. 

Kilovolt-am- 

pere. 

4.68 

5. 53 

1 7, 023. 33 

967.13 

7,332.87 

16, 353.56 


ment. 

Transil and lubricating oil storage, purify- 
ing, and piping system. 

1 

[ System 


-S j 





Total account No. 249 


1 


31,676.89 







Total accessory electric equipment. _ 

i 



239,810. 31 







MISCELLANEOUS POWER PLANT EQUIPMENT 


252 

-0 


—0 

-00 

-01 

-02 


-0 

-oo 


-01 


-0 

-00 

-01 

-1 

-10 


I 

! 


Station maintenance equipment: 

Machine shop equipment 

Total account No. 252. 

Cranes and hoisting equipment: 

250-ton generator room crane: 

Crane equipment 

Crane rails and supports 

Contact rails and supports 

Total account No. 255 

Compressed air and vacuum cleaning sys- 
tems: 

Compressed air system: 

Compressors and air receivers: 

(1 at 330; I at 45; 1 at 8 cubic 
feet a minute.) 

Piping 

Total account No. 256 

Station service water system: 

Pipe, fittings, meters 

Total account No. 258. 

Other miscellaneous equipment: 

Telephone system: 

Cable and wire 

Equipment 

Fire extinguishing equipment: 

Portable fire extinguishers (30 


26,400 Pound 

186. 5 Linear foot 


$0,059 

9.77 


383 


Cubic foot a 
minute. 


18.08 


$12, 797. 04 
12, 797. 04 


72, 557. 63 
1, 549.37 
1,822.72 


75, 929. 74 


6, 923. 10 
1, 628. 94 
S. 552. 04 

12, 183. 86 
12, 183. 86 


5,236.55 
12, 52a 75 

1 , 216. 72 


-11 

-2 

-20 

-21 

-4 

-5 

-60 

-51 


Carbon dioxide system 

Office furniture and equipment: 

Powerhouse 

Reception room 

Portable meters and instruments (os- 
cillograph and megger). 

Gauges and Indicators: 

Electric clocks 

Water level indicators.. 


12 , 433.62 

3 , 279.78 
3 , 062. 26 
2 , 928.02 


729. 69 
2* 342. 71 
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Table 100-C . — Final project cost— details — Continued 
MISCELLANEOUS POWER PLANT EQUIPMENT — Continued 


Account j 

Description 

Quantity 

Unit 

Rate 

Amount 

259 

-6 

Office furniture and equipment— Contd, 
Carrier current relay and intersite 
communication. 

Total account No. 259 




$31,608.16 







75,366.26 

Total miscellaneous power plant 
equipment. 






184,828.94 





ROADS, RAILROADS, AND BRIDGES 



-24 


262 

-4 

-41 

-410 

-411 

-112 


-42 

-420 

-421 

-422 


-43 


-5 

-50 

-51 

-6 

-9 

46 


Access roads for permanent use: 

Approach roads: 

East dam approach— Dam to 400 
feet east of dam, traffic circle, and 
powerhouse road, 
west dam approach— Concrete 
structure. 

Total account No. 260 




$31,343.46 

17,824.74 

1,477 

Cubic yard__ 

$12.07 




49,168.20 

Roadway on concrete dam: 

Concrete: 

Spillway bridge: 

Concreting 

Forms 

Reinforcing steel 

Total spillway bridge concrete _ 

Parapet walls and sidewalks: 

Concreting 

Forms 

Reinforcing steel 

Total parapet wall and side* 
walk concrete 

Parapet walls and sidewalks on core 
wall (concrete) 

Permanent or wearing surface: 

Roadway surfacing 

Drainage 




451 

17,436 

78,067 

Cubic yard— 
Square foot.,. 
Pound 

15.57 

0.88 

0.045 

7,021.86 

15,309.34 

3,519.70 

451 

Cubic yard.... 

57.32 

25,850.90 

774 

20,627 

60,918 

Cubic yard.,,. 
Square foot.,.. 
Pound 

23.79 

1.47 

0.053 

18,411.35 

30,239.25 

3,233.61 

774 

Cubic yard.... 

67.03 

51,884.21 

330 

4,019 

Cubic yard— 

Square yard... 

25.04 

2.20 

8,262,01 

8,859,56 

6,495.85 

39,439,86 

18,145.41 

Structural steel 

772,199 

Pound ... 

0.051 

Lighting: 

Fixtures and wiring 


Total account No. 262 







| 158,937.80 

Total roads, railroads and bridges. 




208,106.00 







Table 100-C. — Final project cost — details — Continued 
DIRECT COST OF TRANSMISSION PLANT 


STRUCTURES AND IMPROVEMENTS 


Account 

Description 

Quantity 

Unit 

Rate 

J Amount 

421 

General preparation of site: 

Excavation including foundation inves- 
tigation and fine grading. 

16,008 

1 

Cubic yard 

l 

I 

$0. 77 

$12, 322. S7 


Total Account No. 421 




12,322.87 

422 
" -0 

General yard improvements: 

Grading and landscaping 




2, 405. 10 

-21 

Fences, gates, and railings 




2* 67l] 83 

-6 

General drainage 




2, 402* 70 








Total account No. 422 




7, 479. 63 








Total structures and improvements.. 




19, 802. 50 







STATION EQUIPMENT 


430 

-1 

Outdoor substation structure: 

Foundations for structures and equip- 



| 

J 

$36,352.08 

24,976.86 

13, 559.54 
29, 652. 03 
1 352 30 

-3 

ment. 

Structural steel 

275, 372 

607 


$0,091 

22.34 

24.67 

-7 

-70 

Cable and pipe tunnel: 

Excavation and backfilling 

Cubic yard 

Cubic yard 


Concrete 

1, 202 

-75 

Miscellaneous iron, covers, etc 

-76 

Cable trays and supports 




3.388.94 

236.11 

188.80 

1. 546.94 
956.88 

1,244.35 

-90 

-91 

Lighting: 

Transformers (2 at 10 kilovolt-am- 
peres). 

Cabinets 


Kilovolt-am- 

pere, 

11. 81 

-92 

Conduit 

3,130 

Pound. . 

.49 

-93 

Wiring 


-94 

Fixtures 









Total account No. 430. 




113,454.83 






431 

-1 

Switchgear: 

O il circuit breaker 

6 


31,028.38 

2,060.26 

186, 170. 30 
31,038.83 

-2 

Disconnecting switch 

15 

Switch — 





Total account No. 431 




217,209. 13 






433 

-0 

Protective equipment: 

Arrestors 

2 

Arrestor 

4,542.92 

9,085.83 
10, 612. 16 
8,853.26 

-2 

Grounding system 

17,841 

25,200 

Pound _ 

.5® 

.35 

—4 

Impedors (2 at 12,600 kilovolt-amperes) 

Kilovolt-am- 

pere 


Total account No. 433 




28,551.25 






435 

-0 

Conduit work: 

Concealed steel 

13,894 

3,245 

22,714 

Pnnnd 

.27 

3, 692. 26 
1, 372.91 
3,357.67 
330.07 

-1 

Exposed steel 

Pound.— 

.42 

-3 

Nonmetallic 4-Inch transit® __ 

Pound 

.15 

-5 

Boxes 








Total account No. 435 




8,752.91 






436 

-1 

-10 

Power wiring: 

Leaded cable: 

Lighting and battery 




2,308.78 
22,038.08 
4, 193.08 
6, 187. 49 

-11 

Main power 

7,826 

Linear foot 

2.82 

-3 

Bare cable 

4,763 

14,493 

Pound 

.88 

-4 

Bare bars, tubes, shapes 

Pound 

.43 

-5 

-50 

Insulators: 

PftdftStAl 


7,061.92 

3,731.71 

-51 

Strain 










Total account No. 436 




45,521. 06 
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Table 100-C . — Final project cost — details — Continued 
STATION EQUIPMENT— Continued 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

437 

-1 

438 

-0 

439 
-4 
-40 
-41 
—6 
-60 
-62 
-95 

Control wiring:: 

Leaded cable 




$9, 288. 85 

Total account No. 437 






9, 288.85 

Main conversion equipment: 

Power transformers: 

6 at 18.667 kilovolt-amperes, 13,800- 
110,000/154,000 volt. 

Total account No. 438 


Kilovolt-am- 

pere 


112,000 

$2.56 

286, 821. 90 



286,821.90 

Station service equipment: 

Transformer handling equipment: 

Tracks 

Transfer car and electric lift- 

Transil oil distribution system: 

Piping 


Pound 


39, 187 

1 

.082 

3,210.39 

7,037.02 

! 6, 194. 51 

1 1,994.54 

721. 71 

Oil in storage 

Fire protection equipment - . 

6,333 

Gallon 

.31 






Total account No. 439 



j 19, 158. 17 

1 Total station equipment 






! 728, 7-58. 10 






DIRECT COST OF GENERAL PLANT 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 


NORBIS 

Land costs: 

Norris Freeway from highway Ten- 

348.6 

Acre. 

$87.02 

$12,931.36 


nessee 33 to West Norris Road. 

Direct construction costs: 

Norris Freeway from highway Ten- 

13.0 

Mile 

46, 972.49 

610,642.32 


nessee 33 to West Norris Road. 
Highway construction including 
$231,024.68 contract work. 

OTHER 

Land costs: 

Norris Freeway from highway U. S. 

; j 

6.9 

Acre 

202.45 

1, 396. 88 


25 W to Coal Creek Yard. 

Direct construction costs: 

Norris Freeway from highway U. S. 

.26 

Mile 

47,936.81 

32,463. 57 


25 W to Coal Creek Yard. Highway 
constmction; all contract work. 







Table 100-C . — Final project cost — details — Continued 

INDIRECT CONSTRUCTION COSTS 

Other general costs — Norris freeway distribution 


Account 

Description 

Quantity 

Unit 

Hate 

Amount 


Land costs: 

Highway U. S. 25W to Norris Dam 

116. 78 

Acre 

$73.80 

$8, 618. 59 


construction office. 

Direct construction costs: 

Highway 17. S. 25W to Norris Dam 

4.05 

Mile 

61, 195.36 

8, 618. 59 

247,841.21 


construction office. 

West approach road: Dam office to 126 

.99 

Mile 

78, 173. 07 

77,391.34 


feet west of dam; highway construc- 
tion. 

East approach road: 400 feet east of 

.89 

Mile 

20, 937. 17 

18,634.08 


dam to powerhouse intersection; 
highway construction. 

Powerhouse intersection to West Nor- 

2.50 

Mile 

67,494.08 

168,735.19 

f 

ris Hoad; highway construction. 



512,601.82 


Camp and taker indirect costs 


Superintendence, accounting, and timekeeping: Salaries and ex- 
penses in. connection with superintendent of construction and 
his immediate assistants in the field and office, also salaries and 
expenses in connection with field accounting and timekeeping 
offices $283. 313. S6 

Transportation: Personal transportation and other expense in- 
curred by field superintendents, etc., in maintaining contact 
with working units 87, 838. 41 

Office supplies and expense : Miscellaneous expense of field office, 
such as stationery and office supplies, blue prints, photostats, 
telephone and telegraph, maintenance of office space, etc 136, 230. 19 

Construction plant expense : Planning, design, and expense of the 
construction plant and equipment, together with certain unal- 
locable items of cost, such as maintaining county roads 73, 251. 03 

Camp operation : Net expense of operation of Norris Town and 
camp, including depreciation and training activities during 
construction period. ( See p. 219) 918, 999. 50 

Provision for medical service: Provision for costs of medical 
examinations and treatment for service-connected injuries or 
disabilities. (Allocation based on pay roll distribution) 176,029.59 

Malaria prevention: Artificial control of mosquitoes 8,155.04 

Police and guide service and accommodation of guests: Police 
and guide service maintained for benefit of project and accom- 
modation of guests when on official visits 63, 923. 31 

Other credits : Liquidated and miscellaneous damages, less bonus 
payments and other costs incurred in cancellation of contracts 
due to change in design or policy Cr. 6, 150. 52 


Total camp and other indirect costs 1 1, 741. 590. 41 


1 Expanded by activities shown in Table 101. 
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Tabi>e 100— C. — Final project cost — details — Continued 


DISTRIBUTIYE GENERAL EXPENSE 


Design and construction engineering costs 


Engineering administration : Provision for salary and expenses of 
chief engineer’s general administrative office. (Allocation 
based, on pay-roll distribution during fiscal years 1037 and 1938 

and in prior years on estimates) — 

Engineering — field and office : Salaries and expenses of executive 
and supervisory engineers, cost engineers and assistants, con- 
crete technicians, inspectors and_ assistants, shop tests and in- 
spection of miscellaneous materials not assigned to specific 
items of property, also engineering for control lines, bench 

marks, etc 

Dam site and regional geology : Geologic examinations and 

studies made of the dam foundation and reservoir rim 

Design : Design of dam, powerhouse, switchyard and other re- 
lated structures, including $270,845.75 for TJ. S. Bureau of 
Reclamation charges, architecture of dam and powerhouse and 

landscape treatment of dam site 

Consulting service: Salary and expenses including travel and 
subsistence of consultants 


$50, 958. 75 


1, 263, 401. 14 
28, 000. 51 

482,349.93 
2, 784.07 


Total design and construction engineering costs 1 1, 827, 494. 40 


Executive and administrative costs 

General administrative expense: Provision for costs of general 
office, including board of directors, general manager’s office, 
finance department, legal department (exclusive of land con- 
demnation costs) , materials department, personnel department, 
and office service department. (Allocation based on pay roll 

distribution) 1, 001, S04. 41 

Division administrative costs: Provision for costs of general 
office expense of the various divisions, such as construction and 
maintenance, reservoir clearing, highway and railroad, ceme- 
tery relocation, etc. (Allocation based on pay roll distribu- 
tion.) 55,817.10 


Total executive and administrative costs. 


1 1, 057, 421. 51 


Maps and Surveys : Establishment of basic horizontal' and vertical 
positions around the reservoir, surveys and mapping of the 
topography at the dam site and the Loyston divide area, aerial 
photography and mosaic construction, surveys to provide the 
basic data for studies of silt deposits in the reservoir, and other 

general surveys and mapping 

Hydraulic data : Prorata share of the cost of collection and com- 
pilation of basic hydrographic and hydrologic data, such as 
river forecasting, rainfall and evaporation studies, measure- 
ments of the amounts of silt carried by various str eams and 
deposited in reservoirs, stream flow measurements, ground water 

investigations, laboratory tests of hydraulic structures, etc 

Project planning : Prorata share of the cost of investigations and 
studies of projects proposed or under construction, such as 
studies made to determine the feasibility of the project, pre- 
liminary plans and estimates, studies of stream flow and flood 
data, determination of most economical power installations, 

navigation studies, etc * 

Regional planning studies: Miscellaneous prellrriinary "investiga- 
tions, such as a report on lands served by the LaPollette branch 
of the Southern Railway and plans for use of land in Norris 
Reservoir area , 

1 by activities is Table 101. 


134, 866. 24 


93, 160. 38 


22,652.91 

21, 268. 36 
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Table 100— C.- Final project cost- — details — Continued 
Executive and administrative costs — Continued 
Final project report : Cost of assembling and editing a report on 


the planning, design, construction, and initial operations of the 

project ,$$,620.19 

Property records: Analysis of actual costs of each inventoriable 
item, the recording of same in permanent property records, and 
the preparation of the final report on the cost of the project 35 , 967. 24 

Total other general costs . . 317 , 535. 32 


Table 101. — Details of certain indirect construction costs and distributive general expenses 

by activities 



Reloca- 
tions and 
protecting 
structures 1 

1 Reservoir 

Dam and 
powerhouse 
construction 

Norris 

1 Freeway 

1 

Total 

INDIRECT CONSTRUCTION COSTS 

Camp and other indirect costs: 

Su perintendence.. 

Accounting and timekeeping 

Transportation 

Office supplies and expense 

Construction plant expense 

Camp operation. 

Provision for medical service 

Malaria prevention 

$9, 428. 55 
41,060. 71 
28, 296. 59 
20, 848. 15 

16, 468. 97 

}$52, 831.88 
23, 146.87 
6, 417.17 

8,017.58 

/ $50, 348. 95 

1 126,033.01 
35, 963. 78 
99, 119. 16 
38,624.89 
* 918, 999. 50 
144, 788. 04 
8, 155. 04 

$2, 745. 55 
865. 21 
431. 17 
9, 845. 71 
34, 626. 14 

6, 755. OO 

} $283,313.86 
87, 838. 41 
136, 230. 19 
73,251.03 
918, 999. 50 
176, 029. 59 
8 , 155.04 

Police and guide service, accommo- 
dation of guests, and safety activi- 
ties 

1, 018. 10 


63,923.31 

402 50 

63, 923.31 

Other credits less bonus payments.. 

3 3, 314. 25 


* 5,895.27 

1, 638. 40 

j* ^ 6, 52 

Total 

! 113,806.82 

90,413.50 

1,480,060.41 

57,309.68 

1,741,590.41 

DISTRIBUTIVE GENERAL EXPENSE 

Design and construction engineering 
costs: 

Engineering administration 

Engineering — field and office — 

Dam site and regional geology 

Design by Authority 

Design by Bureau of Reclamation.. 

2,340. 65 
513, 797. 33 

58, 829. 60 

48, 518. 10 
575,874.22 
28,000.51 
211,504. 18 
270, 845. 75 

114,899.99 

50,958. 75 
1,263,401. 14 
28, 000. 51 
} 482,349.93 

Consulting services 



2,784.07 


2,784.07 

Total 

516, 137. 98 

58,829.60 

1, 137, 626. 83 

114,899.99 

1,827,494.40 

Executive and administrative costs: 

General administrative costs 

Division administrative costs 

106, 908. 47 
29,350.24 

136, 263. 11 
24,294.35 

737,279. 19 

21,353.64 

1,972.51 

1.001, 804. 41 
55, 617. 10 

Total 

136, 258. 71 

160, 557. 46 

737, 279. 19 

23, 326. 15 

1,057,421. 51 


1 Relocating highways, railroads, and other structures and improvements; protecting existing struc- 
tures and improvements. 

* See p. 219 for details of camp operation. 

* Denotes credit. 
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Appendix A 

STATISTICAL SUMMARY 1 

Authorized by Tennessee Talley Authority Act, 73d Cong., May 18, 1933 


Work started _ Oct. 1,1933 

Placed in operation : 

Flood control Mar. 16, 1936 

Water releases for navigation June 19, 1936 

Power operations July 28, 1936 


Location 

On Clinch River in Campbell and Anderson Counties, Tenn.: 


Aboye mouth 79. 8 miles 

From Norris, Tenn 6 miles 

Below confluence of Powell and Clinch. Rivers 8. 8 river miles 

Above Clinton, Tenn 20 river miles 

North-northwest of Knoxville, Tenn 20 air miles 

East-northeast of Wilson Dam, Ala 225 air miles 


Stream Flow 

Drainage area at dam 2,912 square miles 

Gaging station records: 

Clinton, October 1908 to May 1927, drainage area 3,056 square miles 

Coal Creek, May 1927 to date, drainage area 2,921 square miles 

Below Norris Dam, June 1936 to date, drainage area 2,913 square miles 

Maximum flow (1886), estimated 115,000 cubic feet per second 

Average flow 4,600 cubic feet per second 

Minimum flow (1909, 1910, 1911) 200 cubic feet per second 

Reservoir and Water Elevations 

Counties affected: 

State of Tennessee Anderson, Campbell, Claiborne, Grainger, Union 

Operating levels at dam : 

Maximum, assumed for structural design (area 49,500 acres, approxi- 


mate) elevation 1,052 

Probable maximum high water (46,680 acres, approximate) elevation 1,047 

Top of gates (area 40,160 acres, approximate) elevation 1,034 

Spillway crest (area 34,200 acres, approximate) elevation 1,020 

Minimum expected (area 13,500 acres, approximate) elevation 955 

Length at elevation 1,020 (backwater) : 

Clinch 72 river miles 

Powell, above junction 56 river miles 

Length at elevation 1,020 (backwater) : 

Clearing (18,693 acres) : 

Below elevation 940 (see p. 513) 4,961 acres 

Between elevation 940-1,020 13,732 acres 

Original river area (below elevation 1,020) 2,913 acres 

Storage (flat pool assumption) : 

Uncontrolled flood storage (elevation 1,034-1,052) 803,000 acre-feet 

Total volume at elevation 1,034 2,567,000 acre-feet 

Total volume at elevation 1,020 2,047,000 acre-feet 

Total controlled volume between minimum possible draw-down, elevation 

860, and top of gates, elevation 1,034 2,550,000 acre-feet 

Total volume below minimum possible draw-d own, elevation 
860 17,000 acre-feet 


1 All elevations are based on 1912 Fourth General Adjustment; to correct to 1936 Sup- 
plemental Adjustment add 0.12 foot. Contractors for major equipment items and the cost 
of these items are listed in appendix G, pp. 784 to 786. 
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Reservoir and Water Elevations — Continued 


• TAIL WATER 

Minimum elevation 820.5 

Average * elevation 826.0 

Maximum recorded level (1886), estimated elevation 860.0 

head (gross) 

Average maximum 104 feet 

Average minimum 120 feet 

Maximum possible : 

One unit floating on the line, H.W. 1,034, T.W. S20.5 213.5 feet 

Maximum probable : 

Both units running at capacity, H.W. 1,034, T.W. 827 207 feet 

Navigation Facilities 

Increase in minimum dry-season flows downstream at completion of Norris Dam 

(approximate) 6,000 cubic feet per second 

Corresponding increase in controlling navigable depths at low water : 

Above Chattanooga 1.7 feet 

Between Pickwick Landing and mouth 1.5 feet 

On lower Mississippi River at Memphis 0.6 feet 

Available 9-foot navigation on reservoir : 

Clinch River : 

At elevation 1.020 71 river miles 

At elevation 955 53 river miles 

Powell River : 

At elevation 1.020 52 river miles 

At elevation 95o 35 river miles 

Cove Creek, Big Creek, Cedar Creek, and Davis Creek: 

Total at elevation 1,020 33 river miles 

Total at elevation 955 20 river miles 


Dam 


Type and material Nonoverflow concrete gravity sections ; concrete gravity 

spillway section, gate controlled ; earth fill section with concrete core wall. 
Length: 

Gravity section 1, 570 feet 

Earth fill section 290 feet 


Total 1, 860 feet 

Maximum height of dam, foundation to roadway (elevation 1,061) 265 feet 

Maximum width at base: 

Spillway section only 208 feet 

Including apron 423 feet 

Length of concrete core wall 584 feet 

Concrete in dam (including powerhouse and other perma- 
nent structures ) 1, 002, 253 cubic yards 

Barth in east embankment 71, 608 cubic yards 

Roadway width, crown at elevation 1,081 22 feet 

Foundation Rock (Knox dolomite) 

Toe protection Pool with concrete floor 

Top of embankments elevation 1,061 

Design Gravity action; downstream slope 0.70 

Uplift: reservoir pressure upstream and tail water pressure downstream, 
acting over % area of base; maximum sliding factor 0.65; concrete 
weight, 150 pounds per cubic foot. 


SPILLWAY SECTION 


T^ype Overflow and outlet conduits with hydraulic Jump stilling pool 

Length 360 feet clear; 332 feet total. Orest at elevation 1,020 


Capacity: 

■Overflow with gates down, water elevation 
1J34 


-54,000 cubic feet per second 
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Bam — C ontinued 
spillway section — continued 


Capacity — Continued. 

Outlet gates (8 outlets), water elevation 

1,034 38,200 cubic feet per second 

Spillway bridge: 

Spans — 3 of 105 feet ; plate girders encased in concrete, 30 feet center 

to center, 22-foot roadway, 4-foot 6-inch sidewalk. 

Structural steel 772,199 pounds 

Concrete 451 cubic yards 

Reinforcing steel 78,067 pounds 

Drum gates : 

Three gates, 100 by 14 feet, hinged at upstream edge. Bureau of Reclama- 
tion type. Top of gate shaped to crest of dam. 

Top of gate when raised elevation 1,034 

Operation By flotation in pit surrounding each gate; water supplied 

by gravity from reservoir; full lift possible with reservoir at elevation 

1 , 022 . 

Weights : 

Structural steel 905, 000 pounds 

Hinge eastings ~ 302, 175 pounds 

Anchor bolts 72, 237 pounds 

Operating equipment, piping, etc 185, S76 pounds 

Painting : 

Entire inside and outside of ends and bottom — 1 coat Bitumastie regular 
primer and 1 coat Bitumastie regular enamel. 

Outside of top plate — 1 coat Bitumastie 70-B primer and 1 coat Bitu- 
mastic 70-B enamel. 

Downstream surface — Bitumastie 70-B primer, brushed on cold. 

Outlet gates : 

Size Inside dimensions 5 feet 8 inches by 10 feet 

Number 16 — 1 service and 1 emergency in each outlet 

Conduit liner 48 linear feet semisteel each conduit, balance unlined 

concrete. 

Maximum operating head 169 feet 

Maximum hydrostatic head 182 feet 

Operation Hydraulic cylinder, oil pressure. One 20-horsepower pump, 

capacity 15 to 20 gallons per minute. Maximum pump pressure 2,000 
pounds per square inch; lifting speed 1 foot per minute. 

Velocity through gate SO feet per second 

Air vents Two 30-inch round shafts; each one for 4 conduits 

Total shipping weight 2,173,220 pounds 

Trashrack structures 4 semicircular concrete towers, each with 50 

openings 6 feet 214 inches by 10 feet. Total net area through racks 
3,090 square feet for each tower. Provided with compressed air pipes 
with nozzles for cleaning. 

Elevator : 

Capacity 3,000 pounds live load 

Type Automatic, push-button control 

Motors 25-horsepower, 440 volts, 60-cycle, 3-phase 

Lift 181.48 feet, speed 250 to 300 feet per minute 

Platform (outside dimensions) 6 feet 9 inches by 5 feet 11 inches 

Purpose To provide access to roadway and galleries at elevations 

88 0, 996, and 1,051. 


MISCEULANEOXJS MECHANICAL EQUIPMENT 


Deepwell sump pump: 

Type 

Capacity 

Motor 

Plunger pump : 

Type 

Capacity — 

Motor 


« 21 H Deepwell 

800 gallons per minute at 70-foot head 

20-horsepower, type M. T., 3-phase, 440 volts, 60-cycle 

12-inch, plunger 

22 gallons per minute at 70-foot head 

5-horsepower, 3-phase, 60-cycle, 440 volts 
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Dam: — C ontinued 
earth: fell dam 

Core wall : 

Reinforced concrete 5 feet thick trenched to rock, wood sheathed, removed 
prior to concreting, 584 feet long, maximum height, 95 feet. Reinforcing, 
%-inch round bars 9 inches center to center each face, each way. Exca- 
vation, 6,021 cubic yards; concrete, 5,988 cubic yards. 

Embankment : 

Length along centerline, 290 feet. Top elevation, 1,061.0. Top width, 36.5 
feet. Greatest height, 91.0 feet. Upstream slope 3 to 1, riprapped. 
Downstream slope 3 to 1, sodded. Riprap, 30-ineh rock, smooth sur- 
face on 12-inch gravel blanket — 32,200 square feet. Clay placed loose in 
6-inch layers, rolled by truck at 100 pounds per square inch. Volume, 
71,608 cubic yards. 

Test data (6 samples) : 

Moisture content 30 percent 

Dry weight of material in place 83 pounds per cubic foot 

Dry weight of laboratory compacted material at 

30 percent moisture 92 pounds per cubic foot 

Power Plant 


intakes 

One gate for each of 2 penstocks. Opening 16 feet 6 inches wide, 28 feet 6 inches 
high. Tractor type continuous roller trains with floating wedges for seating 
and unseating. Wedge movement, vertical 18 inches, horizontal % inch. 
Gate clearance or movement to seal %g inch. 

Gate seats Cast steel, stainless steel roller tracks (Brinnel hardness 

277) bronze seals with 5^4 -inch contact width. Load taken into concrete 
through tension and compression bolts, 108,000 pounds per linear foot of seat. 

Rollers Stainless steel 4 inches in diameter, 6% inches long, 556 per gate. 

Theoretical load, 45,000 pounds per roller ; elastic limit by test, 100,000 pounds 
per roller. 

Hoist Double drum, 64 inches in diameter, 14 parts, 1-inch cable from each 

drum to each set of sheaves on lifting beam. Cable continuous over equaliz- 
ing sheave. Load per cable part, 8,574 pounds. Hoist motors, two 60 horse- 
power ; hoisting speed, 7.6 feet per minute ; lowering speed 8.0 feet per minute 


without power. 

Controls In hoist house ; auxiliary lowering control in powerhouse 

Weights (each gate) : 

Lifted parts 121.25 tons 

Gate and hoist ' 1-1 162.2 tons 


Seats and guides 28.8 tons 

Trashrack structures 2 semicircular concrete towers, each with 64 open- 

ings 5.8 by 10 feet. Total net area through racks, 3,030 square feet for each 
tower. Provided with compressed air pipes with nozzles for cleaning. 


TRASH RACKS 

Number installed- 64 racks in each of 2 intake structures 

Size of sections 12 feet 6 inches high by 7 feet 10 inches wide 

Size of bars 6^4 by 1 inch 

Spacing of bars 6 inches on centers 

Total weight, racks, beams, and bolts 765,824 pounds 


PEN STOCKS 

Number 2 

Type Concrete transition section 20 feet long. Electric machine welded 

steel plate, 1% to 1% inches thick. 

Dimensions 20 foot diameter; 153 feet 10 inches long 

Weight installed — . 585.7 tons 

Ba!»ting Priming coat, Bitumastie primer brushed cold; final coat, Bitu- 

mastic regular enamel, brushed hot at 425° F. 

Mr vents 1 — 24 inches diameter for each penstock 
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Power Plans' — Continued 


POWEE STATION 


Generating capacity (2 units) 112,000 kilovolt-amperes, 

' 100,800 kilowatts, 132,000 horsepower. 

Structural steel framework and reinforced concrete. 

Principal dimensions : 

Length 205 feet 

Width 67.5 feet 

Height (bedrock to parapet) 153 feet 

Structural steel ; 


Use Complete steel frame 

Weight 912.9* tons 

Traveling crane : 

Capacity . Two 125-ton hooks with lifting beam ; two 


20-ton auxiliary hooks. 
Characteristics : 



Motor 

| Speed 

Minimum 

movement 

■\rain hooks. 

Horsepower 

60 

60 

10 

60 

Feet per \ 
minute 

4 to 5 
25 to 35 
25 to 30 
©0 to 105 

Inch 

He 

\uxiliary hooks _ 

Trolleys 

H 

H 

Bridge - 



Shipping weights : 

Machinery 267,000 pounds 

Structural steel 178,000 pounds 


TURBINES 


Number 2 

Capacity 2 at 66,000 horsepower each at 165-foot head 

Spacing of turbines, center to center of units 60.0 feet 

Vertical distance from center line of distributor to floor of draft tube 37.0 feet 

Tested efficiencies : 



Unit 1 

Unit 2 

Maximum combined efficiency turbine and generator 

Percent 

©1.3 

Percent 

91.5 

Maximum turbine efficiency, 180-foot head 

93.2 

93.3 

Full-gate efficiency, 180-foot head 

84.1 

84.0 



Type Francis right-hand vertical shaft, single runner, specific speed 48.8, 

oil lubricated babbit bearing, 36 by 34 inches. 

Casing Steel plate, 1*%$ to 1 inch, 430 tons, 40,000 rivets 

Discharge per unit at full gate (field test) 4,560 cubic feet per second at 

180-foot head, 4,350 cubic feet per second at 165-foot head. 

Normal speed 112.5 revolutions per minute 

Runaway speed 215 revolutions per minute at 207-foot head 

Diameter of runner Inlet 161 inches ; discharge 165.5 inches 

Weights: 

Runner 100,000 pounds each 

Shaft 53,500 pounds each 

Shaft Forged carbon steel, 35 inches diameter, 14 feet long, 6-inch diameter 

hole in center. 

Hydraulic thrust 385,000 pounds 

Total suspended load 550,000 pounds 

Clearances : 

Runner Total 0.08-ineh top, 0.12-inch bottom 

Wicket gates Total 0.025 inch 

Bearing Total 0.014 inch 

155813 — 40 42 
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Power Plant — Continued 
turbines — continued 

Leakage 0.9 percent maximum, turbine discharge 

Shipping weights : 

Hydro machinery 1,550,000 pounds 

Structural steel forms 950,000 pounds 


DRAFT TUBES 


Type Concrete elbow, dividing into 3 discharge passages at lower end 

Pit liner %-inch steel, 9 feet 2 inches long 


Throat diameter 13 feet 9% inches 

Horizontal length (center line of turbine to downstream face) 57 feet 

Net area at outlet opening 623 square feet 


GENERATORS 

Number 2 

Hating 56,000 kilovolt-amperes, 13,800 volts, 50,400 kilowatts, 0.9 power 

factor, 112.5 revolutions per minute, 3 phase, 60 cycles. 

Type Alternating current, vertical shaft 

Drive 66,000 horsepower Francis turbine, 112.5 revolutions per minute 

Bearings Combination Kingsbury type thrust bearing and segmental guide 

bearing, below rotor, total load 1,296,000 pounds. 

Rotor Cast steel spider, 75,000 pounds; 64 poles, laminated ring assembled 

in field shrunk to spider at 66° C. ; weight excluding exciters, 483,000 pounds; 
outside diameter, 27 feet 8 inches. Weight of rotor, 483,000 pounds ; of shaft, 
51,800 pounds ; of exciters- 19,000 pounds. 

Stator Star connected, split winding with 6 main and 3 neutral ter- 

minals : total weight, 215,120 pounds : in four sections of 53,780 pounds each ; 
8 coils at each joint installed in field ; outside diameter, 32 feet 6 inches. 
Efficiencies ; 


Percent load 



j 0.9 power factor 

1.0 power factor 

200 

75 

50 

25 

100 

75 

50 

25 

Guaranteed efficiency, percent 

Tested efficiency, percent 1 

Kilowatt rating 

07.300 
©7. 968 
50,400 

i 

97.000 

97.698 

37,800 

96. 100 
97.012 
25,200 

93.400 
94. 729 
12,600 

97. 750 
98.249 
56,000 

97. 450 
97. 997 
42,000 

96.600 
97. 368 
28,000 

94.100 

95.293 

14,000 



* Unit No. 2 tested. 


Brakes 16 units with asbestos faced shoes; air pressure, 80 pounds per 

square inch ; 7^4 minutes to stop from Yi speed. 

Jacks Hydraulic, using brakes with oil at 1,500-pound pressure from 

portable hand pump. Capacity, 678,000 pounds ; lift iy 2 inches. 

Ventilation and cooling Air circulation through 8 water cooled radiators 

within steel casing, 41 feet 8 inches diameter. Cooling water, 840 gallons per 
minute at 25® C. temperature. Air 100 cubic feet per minute. Surface 
capacity of coolers, 14,480 square feet. 

Temperatures — Guaranteed maximum indicated temperature at rated kilo- 

volt-ampere with ambient water at 25° C. Stator — 100° C. as determined by 
detectors ; field — 100° C. as determined by resistance ; slip rings — 105° C. as 
determined by thermometer ; cores and mechanical parts — 90° C. as deter- 
mined by thermometer. 

Temperature detectors 12 resistance type coils, each 10 ohms at 25° C. 

with 3 leads <6 used at present). 

Maximum capacity 64,400 kilovolt-amperes at a maximum safe indicated 

temperate*® oC CL as determined by detectors when ambient water is at 
25 * 
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Power Plant — Continued 
generators — continued 


Line-charging caiiacity 49,300 kilovolt-amperes maximum without becom- 

ing completely self-excited. 

Synchronous condenser capacity 40,000 kilovolt-amperes. 

Synchronous condenser losses 1,160 kilowatts total losses including ex- 

citers and rheostats when operated as condenser at rated volts and speed and 
synchronous condenser capacity. 

Reactances Direct axis synchronous reactance (X*) 97.5 percent; quad- 

rature axis synchronous reactance (XO 59 percent; direct axis transient 
reactance (X'a) 34.4 percent ; quadrature axis transient reactance (X'q) 59 
percent; direct axis subtransient reactance (X"<i) 23.2 percent; quadrature 
axis subtransient reactance (X"q) 28 percent; negative sequence reactance 
(Xs) 26 percent; stator leakage reactance (X,) 15.6 percent; zero sequence 
reactance (X») 23 percent. 

Short circuit ratio 1.045 

Symmetrical R. M. S. short circuit currents calculated by manufacturer : initial 
three phase 4.32X rated current; initial single phase 3.63 X rated current; 
initial line to neutral 4.32 X rated current; sustained three phase 2.19 X 
rated current; sustained single phase 2.98 X rated current; sustained line to 
neutral 4.32 X rated current. 

Full-load regulation 33 percent of 0.9 p. f. and 22 percent at unity p. f. of 

rated voltage at rated voltage and speed. 

Field current S48 amperes at rated load and 0.9 p. f. ; 653 amperes at 

rated load and 1.0 p. f. ; 914 amperes as 40,000-kilovolt-ampere condenser, over- 
excited. 

Damper windings Low resistance, with connections between poles — extra 

cost $6,150 each generator. 

Damper torque SO percent at 5 percent slip at normal terminal voltage 

Flywheel effect (TTR 3 ) 70,000,000 pound-feet 3 

Main exciter: 

Type Shunt wound, interpole, separately excited from pilot exciter 

Rating 275 kilowatts, 1,100 amperes, 250 volts 

Mounting Vertical, mounted on generator shaft above rotor 

Response ratio 2.0 

Time response of voltage regulator 3 cycles 

Ceiling voltage 550 volts 

Filot exciter : 


Type Compound wound, self-excited 

Rating 15 kilowatts, 60 amperes, 250 volts 

Exciter temperatures Maximum indicated temperature rise of main and 


pilot- exciters above 40° C. ; ambient air as determined by thermometer, 
based on rated amperes and volts ; armature winding 35° C. ; field winding 
35° C. ; commutator 50 a C. ; core and mechanical parts 35° C. 

Neutral breaker: 


Type B-S— A De-ion grid 

Rating Single pole, single throw, 600 amperes, 15,000 volts manually 

operated ; 36,000 amperes interrupting capacity or 15,000 kilovolt-amperes 
at rated voltage. 

Mounting Steel cubicle complete with 600 amperes, 15,000 volts, single- 

pole, single throw, disconnecting switches. 

Neutral reactor : 

Type : “CL” air cooled 

Rating Reactance per specification 0.82 ohm, tests averaged 0.841 ohm. 

Current carrying capacity 8,000 amperes for one minute per specifications. 
Tests were on basis of 3,500 amperes for 5^> minntes which resulted in 
temperature rise of 71° C. by resistance obtained 30 seconds after shut- 
down. Ambient temperature of 24.5° C. Insulated for 15,000 volts. 

Mounting Enclosed in safety type metal enclosure. 

Cooling water temperature Average temperatures of surface cooler intake 

water range from 50° F. with the reservoir level at 998 to about 55° F. at 
elevation 980. 

Cooling water required For thrust bearing oil, 60 gallons per minute at 

25° C. 
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Power Plant — Continued 
generators — continued 


Fire extinguishing system : 

Equipment Carbon dioxide equipment for two generators. The equip* 

ment consists of 2 banks of twenty 50-pound cylinders each, together 
with the appropriate piping, thermostats, valves, and control panel. 
Normal operation automatic but manually operated if desired. 

Oil for bearings Recommendations by manufacturer : Viscosity of 250 

seconds Saybolt at 145° F. 

Oil capacity For thrust and guide bearings — 750 gallons. 

Weights Generator, complete — 1,200,000 pounds net. Heaviest piece 

(rotor) — 500,000 pounds net. 

Dimensions Width, over-all (diameter) 41 feet 8 inches; height, above 

foundation 11 feet 2 inches. 

Erection time Rotor, each 42 days; complete, each 90 

GOVERNORS 

Servomotors 450,000 foot-pound capacity 

Operating pressure 300 pounds per square inch 

Minimum time to close gates 4 seconds 

Motor driven fly-halls receiving power from separate permanent magnet gen- 
erator on the main generator shaft 

Speed droop control Adjustment 0 to 6 percent 


MAIN POWER TRANSFORMERS 


Number installed 6 — in 2 banks (no spares) 

Type Single-phase, outdoor, self -cooled, oil-insulated, with inert gas seal. 

General Electric Co., type H. 

Rating, each transformer 18,667 kilovolt-amperes continuous 55° C. rise; 

110, 000 Y /154,000V — 13,200 volts; 60 cycles; subtractive-polarity. 

Rating, each bank 56,000 kilovolt-amperes 

Connections Delta (D. V.) to Star (H. V.) with neutral grounded 

through reactor. Transformer may be operated either with neutral solidly 
grounded, or grounded through a reactor. 

Tertiary connections None 

Taps in H. V. winding Two 2^> percent full capacity taps above and two 

below rated voltage (161700-157850-154000-150150-146300). Taps are 
changed only when transformer is out of service. Used for maintaining rated 
bus voltage. 

Taps in L. V. winding None 

Dosses At 75° C. and 60 cycles, test average 6 transformers: No load 

and rated voltage — 44.56 kilowatts; no load and 110 percent rated voltage — 
64.24 kilowatts; 75 percent load, unity p. f., and rated voltage (total)— 81.42 
kilowatts; 100 percent load unity p. f., and rated voltage (total) — 108.79 
kilowatts. 

Exciting current 2.33 percent 0 f normal full load current at rated 

voltage, test average 6 transformers. 

Impedance 8.87 percent at 18,667 kilovolt-amperes, test average 6 trans- 

formers. 

Regulation At temperature of 75° C. and rated kilovolt-ampere output 

and rated voltage at 60 cycles. Test average 6 transformers. 0.74 percent 
at power factor of 1.00; 4.49 percent at power factor of 0.90; 5.84 percent 
at power factor of 0.80. 

Efficiencies Test average 6 transformers at 75° C. 1.0 power factor. 

99.42 percent at full load ; 99.42 percent at %-load ; 99.35 percent at 4>-load ; 
98.97 percent at *4-Ioad. 

Insulation tests Dow voltage winding— 34 kilovolts ; high voltage winding, 

line terminal to ground (induced potential) — 323 kilovolts; high voltage 
neutral (grounded Y) — 70 kilovolts. 
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Power Plant — Continued 
irAix power transformers — continued 


Bushing tests: 


i 

j Kilovolts to 
ground l-tuin. 

t A verage wet 
' flashover 

Low- voltage bushing 

| Kilovolts 

I 50 , 

i 410 | 

j 90 ! 

Kilorotts 

1 45 

355 

' 85 

High-voltage bushing 

High-voltage neutral bushing 

i 


Polarity gap settings 13.2-kilovolt bushing— 5% inches ; 154-kilovolt 

(grounded Y) bushing — 4 feet 1% inches; neutral bushing (rated 34.5 kilo- 
volts) — 11 inches. 

W eights Each transformer, approx. Core and coils — 65,000 pounds; tank 

and fittings — 38,000 pounds; oil (7,740 gallons) — 53,000 pounds; total — 
156,000 pounds. 

Dimensions Floor space — 13 feet 3% inches by 16 feet 9^ inches ; height, 

over-all — 24 feet 6 inches; height, over tank — 18 feet 1% inches; headroom 
required for removing core and coils — 32 feet 8% inches. 

Truck base Supported by four 12-inch diameter wheels fitted with chro- 

mium-plated Timken roller bearings with Alemite fittings. Wheel base is 6 
feet 1 Ya inches for track gage of 6 feet. 

TRANSFORMER NEUTRAL REACTOR 

Number installed Two — 1 for each transformer bank. 


Type Single-phase, outdoor, self-cooled, oil-insulated. General Electric Co. 

Neutral Impedor, Type CLSO. 

Rating 12,600 kilovolt-amperes, 21,000 volts, 60 cycles, designed to carry 


600 amperes for 1 minute without exceeding 120° C. rise over 40° C. ambient 
for 3 phase, 154,000- volt circuit; reactance 35.0 ohms; resistance 0.440 ohm 
at 75° C. ; impedance volts unit (1) 21,200, unit (2) 20,600; thyrite resistor 
across terminals. 

Maximum 5 seconds current rating 1,200 amperes (R. M. S.) without 

mechanical or electrical injury. 

Insulation Insulation tests, winding to ground, 1 minute — 34.0 kilovolts 

H. V. neutral bushing — 34.5 kilovolts ; grounding bushing — 15.0 kilovolts. 

Polarity gap settings Neutral bushing — 11 inches; grounding bushing — 

5% inches. 

Rushing current transformer One 1200/5 amperes located in ground lead. 

Weights Each reactor approximate: core and coils — 1,300 pounds, case 

and fittings — 2,200 pounds, oil — 2,200 pounds, total — 5,700 pounds. 

Dimensions Floor space — 3 feet 10% inches X 5 feet 9 inches; height, 

over-all — 7 feet 9% inches ; height, over tank — 6 feet inch, headroom re- 
quired for removing core and coils — 10 feet 4 inches. 

Base For flat surface or pad mounting. 

MAIN SWITCHBOARDS 

Type Benchboard for main control with 2 vertical baek-to-back switch- 

boards for instruments and relays. All panels of stretcher-leveled steel. 

Number of panels 8 panels for benchboard, 14 panels for instrument board, 

14 panels for relay board. 

Size of panels For benchboard, 20 inches wide ; for vertical boards, 20 

inches wide, 90 inches high. 

STATION SERVICE AND UNIT AUXILIARY BOARDS 

Type Steel, totally enclosed type constructed of welded vertical steel 

frames, with each circuit breaker enclosed in an individual steel cell suitably 
lined with are-resisting insulation. 

Number of boards Five, as follows: 1 common station auxiliary board; 

1 unit auxiliary board (for 2 generators) ; 1 compressor cubicle; X oil puri- 
fier cubicle ; 1 heater cubicle. 
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Power Plant — C ontinued 

STATION SERVICE AND UNIT AUXILIARY BOARDS Continued 

Current interrupters: 


; Short-time rating of interrupters (R. M. S. 
j amperes) 

Type LX Type W Type K 


1 second ! 

H second... ... i 

Me second — 

Hi second.. j 


40, 000 
fiO, 000 
100, 000 
100, 000 


20, OGO 
30. 000 
35', OOO 
40, OOO 


10,000 

17.000 

20.000 
25,000 


DIRECT-CURRENT SWITCHBOARD 

Type Same general type as station service and unit auxiliary boards, see 

above. 

BATTERY 

Type 9 -plate cells 

Number of cells 120 

Ampere-hour capacity 320 amperes for 8-hour rate or a discharge rate 

of 40 amperes for 8 hours to a final voltage of 1.75 volts per cell. 

Net weight per cell 195 pounds approximate 


BATTERY AC— Q SETS 

Type Diverter pole generator set (motor-generator set) 

Number __2 

Rating Generator — 20-Mlowatt, direct-current, 280-volt ; motor — 30-horse- 

power, 449-volt, 3-phase, 60-cycle, 1,750 revolution-per-minute induction. 

STANDARD FREQUENCY SOURCE TOAD AND FREQUENCY CONTROL 

Principal equipment 1 dynamic tuning fork; 1 motor-generator set, 1,000- 

watt (Type FB4-Y3, approximate size 48 inches long, 13 % inches wide, 17% 
inches high) ; 1 master clock, 12-inch diameter for main switchboard ; 1 time 
standard clock, 6-inch face ; 1 secondary clock, 6-inch face ; 1 time-error 
indicator, 6-inch face. 

AUXILIARY POWER TRANSFORMERS 

Number installed 2 

Type HT, self -cooled, outdoor type 

Rating, each transformer 750-kilovolt-ampere, 3-phase, 60-cyele, 55° C. 

above ambient 40° G. 

Connections _14,200 Y-460-volt Delta 

Taps 13845/13490/13135/12780 volts, full capacity 

Voltage tests 34 kilovolts on high voltage, 10 kilovolts on low voltage, both 

for 60 seconds. 

Efficiencies At 75 ° C. 1.0 p. f. : Full load— 98.70 average from tests; 

%-load 98.82 average from tests ; ^4-Ioad — 98.83 average from tests. 

Regulation 1.0 p. f. — 1.088 average from tests; 0.9 p. f. — 3.184 average 

from tests ; 0.8 p. f . — 3.89 average from tests. 

Total losses At 75° C. ; full load — 9,840 watts average from tests ; %-load — 

6,750 watts average from tests. 

MISCELLANEOUS ELECTRIC EQUIPMENT CABLES 

Main generator cable. 1/c, 1,500,000 eir mils, 91 strands, 21 kilovolts, insulated 
with 16/64 inch of best quality sulphate process wood pulp paper, approxi- 
mately 40 percent of which is superdense and the remainder regular density 
paper. Insulated conductor is shielded with a 3-mil 13/16-inch-wide per- 
forated aluminum tape, interlocked with manila tape ; the shielded and 
insulated conductor Is covered with 8/64-inch commercially pure lead sheath. 
Appwsihwaitis outside di a me ter — 2.26 inches ; approximate net weight pen foot — 
9S pounds ; minimum bending radius — 22.6 inches; guaranteed minimum 
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Power Plant — Continued 

MISCELLANEOUS ELECTRIC EQUIPMENT CABLES Continued 

Main generator cable — Continued. 

insulation resistance Megohm miles at 15.5° C. — 66 ; guaranteed maximum 
safe temperature of copper — 78° C. 

Generator neutral cable. 1/e, 500,000 cir mils, stranded copper, 27/64 inches, 
varnished cambric insulation for 26 kilovolt ; outside diameter, 1.773 inches ; 
net weight, 2,841 pounds per 1,000 feet. 

Auxiliary and control cable. Performite rubber insulation having at least 35 
percent by weight of best grade new rubber. Covering of cable depends upon 
location and service. Braid covering with moisture-resisting flameproof 
braid is generally used in dry locations, lead covering in wet places, and a 
few special cases have armored cables and asbestos-covered cables. 


MISCELLANEOUS MECHANICAL EQUIPMENT 

Sump pump : 

Type Type Iv Aurora Pump 

Capacity- 300 gallons per minute at 40-foot head 

Motor, 5-horsepower, 3-phase, 60-eyele, 440- volt, 1,750 revolutions per 
minute. 

Air compressors: 

330 cubic feet per minute compressor : 

Capacity — free air 330 cubic feet per minute 

Piston displacement 463 cubic feet per minute 

Gage pressure 100 pounds per square inch 

Speed 275 revolutions per minute 

Cooling water 17.5 gallons per minute 

Motor 75-horsepower, 1,115 revolutions per minute, 440-volt 3- 

phase, 60-cycle. 

45 cubic feet per minute compressor : 

Capacity — free air 53 cubic feet per minute 

Piston displacement 65 cubic feet per minute 

Gage pressure 100 pounds per square inch 

Speed 350 revolutions per minute 

Cooling water 1 gallon per minute 

Motor 15 horsepower, 1,750 revolutions per minute, 440-volt, 

3-phase, 60-cycle. 

S cubic feet per minute compressor : 

Capacity — free air 8.1 cubic feet per minute 

Piston displacement 11 cubic feet per minute 

Gage pressure 300 pounds per square inch 

Speed 400 revolutions per minute 

Motor 3-horsepower, 1,750 revolutions per minute, 440-volt, 

3-phase, 60-cycle. 

Oil purifiers and pumps : 

Type Combination centrifuge and filter press 

Centrifuge — capacity 1,200 gallons per hour at a temperature of 50° C. 

Centrifuge motor 3-horsepower, 1,750 revolutions per minute, 440-volt, 

3-phase, 60-cycle. 

Dirty oil pump 

Suction lift 15 feet 

Discharge pressure 40 pounds per square inch 

Capacity 1,400 gallons per hour 

Motor, 5-horsepower, 1,750 revolutions per minute, 440-volt, 3-phase, 60-cycle 
Clean oil pump 

Suction lift- 15 feet 

Discharge pressure . 80 pounds per squajre inch 

Capacity 1,500 gallons per hour 

Motor Same motor as used on clean oil pump 

Filter press 1,200 gallons per hour 

Oil heaters: 

Number of units Two 

Capacity . 54 kw each 
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Switch yard Equipment 


OIL CIRCUIT BREAKERS 


Type FHKO-339-72B-F4 outdoor, triple-pole, single-throw, 250-volt direct 

current control, solenoid operated, trip-free, and fully automatic. Mounted 
on concrete pads. 

Rating 161-kilovolt 1,200-ampere 1,500,000 kilovolt-ampere interrupting 

capacity, O. C. O.+O. C. O. with operating interval of 15 seconds and re- 
covery voltage of not less than 2,400 volts per microsecond. 

Weights One complete single-pole unit with oil — 25,500 pounds; 1 com- 

plete single-pole unit without oil — 13,700 pounds ; oil per single-pole unit 
(1,550 gallons approximate) — 11,625 pounds ; weight of 1 bushing — 1,350 


pounds. 

Disconnecting Switches 

Type Outdoor, 3-pole, vertical-break, underhung ; some manually oper- 

ated and some motor operated; operation through rotating insulators. 

Rating 161 kilovolts, 600 amperes continuous 

Insulators Switch type 


Tests, flashover Single unit 163 kilovolts (dry), 111 kilovolts (wet); 

4-unit stack 517 kilovolts (dry), 443 kilovolts (wet). 

Tests, cantilever Cap mounted failed at edge of cap at 1,230 pounds; 

base mounted failed at pin at 1,395 pounds. 

Tests, torsion Average failure at 62,320 inch-pounds. 

Motors 0.9/1-5 horsepower, 200/280 volts, 6.25-amperes full load, RC type 

and No. 2 frame. 

BUSES AND CONNECTIONS 


Bus size 3-inch standard I. P. S. hard-drawn copper tubing 

Bus spacing 8 feet 6 inches between phases; 7 feet between phase and 

ground. 

Bus insulators Porcelain ; spaced 32 feet apart 

Strain insulators: 

Dry flashover test 92 kilovolts each unit 

Wet flashover test 58 kilovolts each unit 

Puncture teat 154 kilovolts each unit 

Cable connections 500,000 cir mils bare copper 


LIGHTNING ARRESTERS 

Type Thyrite, outdoor, single pole, model No. 9LAID106, 12 units, 

grounded neutral. Set of 3 arresters for each bank of transformers. 

Rating Line to line — 161 kilovolts normal, 169 kilovolts maximum ; maxi- 

mum permissible line to ground — 145 kilovolts. 

Clearances Minimum line to ground — 4 feet 6 inches; mi-nimn-m lin e to 

line — 6 feet 4 inches. 

Dimensions Height over arrester only — 15 feet 7% inches; vertical anchor- 

ing support directly above arrester consists of 4 Locke No. 7785 insulators and 
a spacer rod. Insulator stack is 4 feet 10 inches high and rod spacer is 
2 feet 9 inches. 

Weights Net weight of arrester only — 1,000 pounds; net weight of insula- 

tors — 320 pounds. 

Mounting Flat sur f ace type 


TRANSFER CAR 

Type — Structural steel 4- wheel type with 24-inch double-flanged wheels with 

Hyatt roller bearings. Wheels suitable for 100-pound rails. 

Capacity : Designed for 100 tons 

Wbrel spacing— 8 _ foot track gage 

52 kt™ * 8 015 car 6-foot track gage 

vie eight — 16,500 pounds approximate 


BXECTEIC ELEVATOR LIFT 

Structural steel 4-screw type, motor drivt 

HO tons 


Type 

Capacity ... 
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Switchyard Equipment — Continued 
electric elevator LIFT — continued 


Lift 27 inches in not more than 5 minutes 

Motor 15-horsepower, 440-volt, 3-phase, GO-cyele, 1,200 revolutions per 

minute. 

Weight 16,000 pounds 


Construction Plant 

CABLEWAYS 

Span 1,925.5 feet 

Sag 77 feet ± to 106 feet 

Main cable 3-inch locked coil type, area 6.53 square inches 

Stress including impact 65,500 pounds per square inch 

Ultimate strength . 168,000 pounds per square inch 

Counterweights : 

Head tower 390 tons 

Tail tower 445 tons 

Operating data : 

Design load 18 tons (plus 25 percent impact) 

Maximum load — spillway girder 25 tons per cableway 

Lowering speed — full load 400 feet per minute 

Hoisting speed — full load 800 feet per minute 

Carriage travel — full load: 

In 1,200 feet per minute 

Out 1,600 feet per minute 

Traversing speed of towers 50 feet per minute 

Concrete placing cycle 2*4 to 6 minutes 


CEMENT 

Type B modified, 35 to 55 percent tri-calcium silicate; tri-calcium aluminate not 
more than 8 percent; average initial set, 3 hours 15 minutes; final set 5 
hours 41 minutes; fineness 1,600 to 2,200 cm 2 per gram by Wagner tur- 
bidimeter. 

Total cement used in concrete, including that used in dam, powerhouse, and 
roadway, grouting not included 1,089,528 barrels 

Grouting : 

Foundation proper 203,054 cubic feet 

Reservoir rim 257,736 cubic feet 

Buffalo Creek divide 5,677 cubic feet 

(These include cement, rock flour, and small amounts of sand.) 

CONCRETE AGGREGATES PRODUCTION 

Material Knox dolomite. 2,071,000 tons ; solid weight, 176 pounds per cubic 

foot; weight of screened aggregate in stock piles, about 90 pounds per cubic 
foot; removed by wagon drills and blasting in 30-foot lifts in 12- to 14-foot 
benches; maximum charge, 2,000 pounds dynamite. 


Crushers : 

Primary 42- inch gyratory 

Secondary 5^-4 -foot cone 

Sand plant 4 hammer mills, 42 by 48 inches 

Capacity 325 tons per hour 


CONCRETE PRODUCTION 

Mixing Three 3-cubic-yard Smith tilting mixers ; drum speed, 11 to 12 revolu- 

tions per minute ; mixing time, 2% minutes in mixer ; normal cycle, 3*4 
minutes. 

Plant capacity 180 cubic yards per hour 

Placing To cableways via transfer cars; 6-cubic-yard buckets for mass 

concrete ; 1 surface and 4 internal vibrators per crew. Depth of pour 5 feet. 
Minimum time between successive pours, 72 hours. Maximum concrete placed 
in 24 hours, 4,090 cubic yards ; in 1 calendar month, 92,780 cubic yards. 
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Construction Plant — Continued 
concrete production — continued 

Tests Six 17-incli cores taken from mass concrete averaged 5,110 pounds 

per square inch at 6 months; 6- by. 12-inch laboratory cylinders averaged 
4,404 pounds per square inch at 28 days, and 6,396 pounds per square inch ac 
6 months, and 6,876 pounds per square inch at 1 year. Temperature rise, 
mass, 35° F. Weight, mass, 159 pounds per cubic foot. 

Loyston Dike 


Material Rolled clay fill 

Purpose To dam a low saddle near Loyston, Term. 


Dimensions Top elevation, 1,065 ; volume, 80,458 cubic yards ; length, 1,980 

feet; maximum height, 32 feet; top width, 10 feet; maximum base width, 
170 feet ; upstream slope, 3 to 1 riprapped ; downstream slope, 2 to 1 sodded. 

Placing 6-inch layers when compacted by sheepsfoot rollers at 1,000 

pounds per linear foot, or trucks at 100 pounds per square inch. 

Test data (7 samples) : 

Moisture content-- 28 percent 

Dry weight of material in place 89 pounds per cubic foot 

Dry weight of laboratory compacted material at 28 percent moisture 96 

pounds per cubic foot. 

Drilling and grouting Rock grouted to ground water level with single line 

of holes spaced 10 to 20 feet on centers. 
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reports of consulting engineers and 

GEOLOGISTS 

The following reports contain the joint recommendations and approvals fol- 
lowing studies by any two or more consultants. Individual reports of consultants 
working separately are not included because in most instances they are volumi- 
nous and cover detailed engineering or geologic work ordinarily done by members 
of the Authority’s staff. 

General Considerations, July 28, 1933 

Considerations in building Cove Creek (Norris) Dana as agreed upon by en- 
gineering consultants, Mr. J. L. Savage and Mr. S. M. Woodward, and the geologic 
consultants, Mr. C. P. Berkey, Mr. Arthur Keith, and Mr. A. C. Swinnerton. 

1. The daru is in approximately the right location. 

2. Not enough hydrographic data has been collected to make a close determina- 
tion of the best height within a range of, perhaps, 30 feet. Since it would take 
years to accumulate the necessary data, the best possible approximation will be 
made. Any variation in height will not affect the safety of the dam but only the 
balance of economy between extra storage on one band and extra cost of land 
and of the cost of the larger dam on the other hand. 

3. The dam probably will be of the gravity concrete type, but with the spillway 
over the dam itself, and not at the side. The cross section of the dam will 
probably be increased, with increased safety, but also with increased cost. There 
will be other modifications in design. 

4. There probably will be some leakage of water under or around the dam, but 
not to a degree which will endanger the structure. 

5. It would be impossible, without the expenditure of a very large amount of 
money, to be sure that there will be no leakage from the reservoir through the 
hills, but the prospect is not great enough to justify any hesitation in building 
the dam. 

6. The Tennessee Talley Authority would not be justified in building the dam 
by the present somewhat rapidly prepared plans. It will require a force of about 
40 designing engineers about 6 months to complete the plans. However, some 
of the preliminary work, such as building a highway and stripping the base of 
the dam, can begin sooner. 

The plans will be prepared in the Denver offiee of the United States Bureau of 
Reclamation. This office has prepared plans for the Boulder Canyon Dam in 
Nevada, for the Madden Dam in the Panama Canal Zone, for over 20 big dams 
in the West and about 100 small ones. It is very much the largest dam-designing 
organization in America, if not in the world. The Boulder Canyon Dam is looked 
upon as one of the most accurately and carefully designed dams that ever has 
been built. Greater progress can also be made by using this organization than 
by creating a new organization of engineers. 

7. The United States Army Engineers used good judgment in selecting the 
site of the dam and in deciding on the type of dam to be built 

Arthur E. Morgan, Chairman. 


Sufficiency of Subsurface Explorations for the Foundation of the Concrete 
Dam and Character of the Foundation Rock, December. 14, 1933 

The Rock . — The foundation rock at this site is the Knox dolomite, a well- 
known formation occurring in heavy bedded strata and lying nearly flat or dipping 
gently downstream. 
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The whole forma tion has been thoroughly reorganized since its original deposi- 
tion so that the rock is now compact and very hard. Furthermore, this trans- 
formation was accompanied by changes in composition and internal structure 
so that it is now a crystalline dolomite, and the shrinkage that resulted has 
caused the strata to develop an uneven or wavy and closely fitted bedding 
structure which adds materially to its strength in mass and greatly increases its. 
resistance to deformation or sliding along the bedding surfaces. 

The formation in general above ground water exhibits the usual irregularities 
of surface, including sinks and underground channels characteristic of such rock. 
These effects are clearly the result of weathering and percolating rain water 
over the very long time that the region has been exposed to erosion. 

Below ground water, however, as is indicated by the borings and other 
exploration, the rock in general is sound and, as far as known, is virtually 
free from important solution effects. 

Support . — Exploratory borings cover the whole length of the proposed concrete 
dam and there has been taken the additional precaution of sinking a 70-foot 
shaft with cross cut extending out beneath the bed of the river. These give ade- 
quate basis for judging this series of borings. These explorations and tests fully 
support the conclusion that the foundation rock beneath the main section of 
the dam is of excellent quality. Altogether we conclude that under normal 
construction treatment, including grouting, especially of any jointed areas, the 
foundation rock will be of ample strength and structural integrity to support 
the load which the dam will impose. 

Leakage . — The river bed rock, which has been subjected to low percolation 
gradients, will, in our opinion, prove to be amply tight and free from leakage 
after grouting. 

The abutment rock, where percolation gradients are high, has been con- 
siderably weathered and affected by solution channels and caves. It may 
be necessary to remove considerable rock at the abutments to reach sound 
material. That satisfactory material exists at reasonable depths is indicated 
by the rock cores and more especially by the ground water levels in the 
drill holes and the elevation of springs in the neighborhood. Isolated solution 
channels, such as the drain channels of old and now obliterated sink holes, 
at the abutments may be anticipated. Most of these will he sealed by grouting. 
If not, they may result in some leakage when the reservoir is first com- 
missioned, but it should be possible to seal them afterwards. In any case, 
no danger to the structure is anticipated by such leakage. 

Adequacy of exploration . — It is the opinion of the Board tbat tbe exploratory 
work already completed on the foundation and abutment rock is sufficient for 
present purposes. 

Charles P. Rerkey. 

F- W. SCHEIDENHELM. 

S- M. WOODWAED. 

L. F. Harza. 

J. Xj. Savage. 

Chas. H. Paul. 


Reservoir Clearing, December 14, 1933 
It is the opinion of the Board : 

1. That the upper limit of the reservoir clearing should he established, for 
the time being, at elevation 1,020 (spillway crest) . 

2. That below elevation 960 (probable low water) only trash and loose 
branches need be cleared. Trees which grow below elevation 960, the tops 
of which extend above that height, should be felled or cut off so as not to 
project above water surface at that elevation. 

Charles P. Bebkey. 

E. F. Harza. 

F. W. SCHEIDENHELM. 

J. L. Savage. 

S. M. Woodward. 

Chas. H. Paul. 
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Departure From Previous Designs, December 14 , 1933 

The Board approves the following departures from previous designs: 

Section of dam. — The cross-section of the dam has been thickened in the 
higher portions of the two abutment sections to provide the necessary stability 
against the lateral transfer of water load from the higher central portion 
of the dam by twist action. 

Location and type of spillway. — The spillway has been located in the river 
channel section of the dam in order to deliver the water into its ultimate 
channel without lateral changes in the direction of flow. This arrangement 
permits the use of an hydraulic jump apron and results in the safest and 
most economical device for dissipating the energy of the spillway discharge 
without destructive erosion. 

Spillway gates. — Drum gates have been adopted for the spillway crest in 
order to provide a long overflow type of gate with maximum head room for 
passing unavoidable flows of large drift during extraordinary floods. 

Outlet gates. — The flood discharge conduits are provided with tandem rec- 
tangular slide gates operated from a gallery in the dam, except two conduits 
for close regulation of flow which are controlled by needle valves installed 
in the powerhouse. The rectangular slide gates have been adopted in order 
to deliver the flood control discharges into the river channel where the stream 
bed is protected by the concrete spillway apron. Neither needle valves nor free 
discharge butterfly valves can be used at this location on account of the 
flow over the spillway. 

Trashrack for power plant . — The trashrack structure, in front of the power 
plant, has been extended to a height which will give access to the top of the 
rack structure for raking and replacement of rack sections at frequent 
intervals. Charles P. Berket. 

F. W. SCHEIDENHELM. 

S. M. Woodward. 

L. F. Harza. 

J. L. Savage. 

Chas. H. Paul. 


General Features of Design of Cross Section of the Concrete 
Portion of tece Dam, March 17 , 1934 


It is the opinion of the Board that the concrete dam has been so designed 
as to provide ample stability under the various conditions of loading to which 
it will he subjected. ^ p Harza 

Charles P. Berkey. 

J. L. Savage. 

F. W. SCHEIDEN HELM. 
Chas. H. Paul. 

S. M. WoodwalRD. 


Special Engineering Researches; March 17 , 1934 

The importance of this project is so great that careful consideration will be 
given to many questions on which existing engineering knowledge is not readily 
available. It will be necessary, therefore, for the engineering staff of the 
Authority to make numerous research studies and investigations. 

The Board suggests that such necessary studies be carried out with care and 
thoroughness so that the results obtained, in addition to providing the informa- 
tion needed for the immediate local construction purposes, will he sufficiently 
comprehensive to be of value to the engineering profession as a whole in extend- 
ing the limits of engineering knowledge. 

It is hoped that the results of such researches may be made available to the 
profession as a whole. L F Harza. 

Charles P. Berkey. 

J. X. Savage. 

F. W. SCHEIPEN HELM . 

Chas, H. Paul. 

S. M. Woodward. 
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Omission of Barge Lift, March 17, 1934 

It is the opinion of the Board that there is no necessity for the installation 
of a barge lift at the Norris Dam at this time. 

L. F. Harza. 

Charles P. Berkey. 

J. L. Savage. 

F. W. SCHEIDENHELM. 
Ghas. H. Paul. 

S. M. Woodward. 


Reservoir — Subsurface Water Studies, March 17, 1934 

The Board is impressed with the great importance and success of the studies 
made by the local staff covering springs, seepages, underground water levels 
and circulation, and the location of sinks and caves. We commend the care 
and good judgment with which this work has been done. These studies and 
observations should be continued through the period of construction so as to 
form a reliable background of fact by which to judge results of putting the 
reservoir in operation and as a guide to such corrective treatment as may be 
required. 

L. F. Harza. 

Charles P. Berkey. 

J. L. Savage. 

F. W. Scheidenhelm. 

Chas. H. Paul. 

S. M. Woodward. 


Flood Capacity and Operating Elevations, March 17, 1934 

In the operation of the dam it is proposed to hold the top of power storage 
at elevation 1,020. Under these conditions the dam will afford substantially 
complete control to not more than bank-full capacity of the channel downstream 
for a run-off from the entire drainage area of 8 inches in 1 day, 8% inches in 
2 days, 9 inches in 3 days, or 10 inches in 5 days. Such run-off is well in 
excess of that of any storm within the range of probability except perhaps at 
extremely rare intervals. In our opinion this measure of flood control is 
feasible and reasonably adequate for the Clinch River. 

As to safety of the concrete dam itself, we believe that, in view of the flood 
absorption capacity of the reservoir, the design provides adequate safety against 
any possible flood contingency. 

L. F. Harza. 

Charles P. Berkey. 

J. L. Savage. 

F. W. SCHETOENHEUM. 

C. H. Paul. 

S. M. Woodward. 


Foundation Grouting and Drainage, March 17 , 1934 

The Board recommends the following general program for foundation grouting : 

Blanket grouting at pressures from 50 to 100 pounds per square inch, as 
determined by deformation gages, or otherwise to be unquestionably safe against 
heaving of the foundation rock. The grout holes should be 3-inch holes, 20 to 
30 feet deep, and spaced at intervals of 20 to 40 feet to suit rock conditions. 

Cut-off grouting at pressures from 200 to 500 pounds per square inch, as 
determined by deformation gages, or otherwise to be unquestionably safe against 
heaving of the foundation rock. The grout holes should be 3-inch diameter 
diamond- or shot-drill holes, 60 to 100 feet deep, spaced from 5 to 10 feet 
apart to suit rock conditions. 

A line of drain holes approximately 50 feet apart, adapted for observation 
purposes, located immediately downstream from the line of cut-off grout holes. 
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The drain holes should be 3-inch diamond-drill or shot-drill holes extending in 
general to depths 10 feet less than the cut-off grout holes, but with, occasional 
holes extending to depths of 100 feet. 

L. F. Hakza. 

Charles P. Bet: key. 

J. Lt . Savage. 

F. W. Scheidenhelh. 
Chas. H. Paul. 

S. M. Woodward. 


Foundation Inspection. June 27, 1934 

On June 22 and 23, Norris Dam was inspected by consultants C. F. Berkey, 
L. F. Harza, J. L. Savage, F. W. Scheidenhelm, and S. 31. Woodward. Messrs. 
Carl A. Bock, W. R. Chambers, B. M. Jones, C. H. Loeher, and A. E. Morgan 
were present on one or both of the days. 

The inspection included primarily all exposed foundation, the 36-inch core 
holes and cores, the records of 5*4-ineh core drilling and wagon drilling, the 
drifts in the east abutment, and the excavation into the cavities in blocks 25, 
26, and 27. The foundation rock and the two exposed cavities in the west 
abutment were also inspected. 

It was the general opinion that, from present indications, a satisfactory treat- 
ment of the cavernous area in blocks 25, 26, and 27 can be accomplished by 
removing all unsound rock, following all fissures and solution channels until 
they are outside the foundation, and driving a drift near the upstream face 
for intercepting the seam on the floor of the next lower ledge, as well as the 
seam about 6 feet above this floor. If it becomes evident as this work progresses 
that this treatment would be almost as expensive as complete removal of the 
cavernous ledge, then it would probably be desirable to carry the entire excava- 
tion to the floor of the next lower ledge. 

In the narrow locality of seamy and folded rock near the upstream face of 
the dam, in blocks 34 and 35, the foundation excavation has been carried about 
S feet deeper than over the surrounding area. It was recommended that this 
excavation be extended westward far enough to remove all unsound rock and 
to cut off the major seams. The extension could be in the form of an open 
trench, or a V-shaped notch, either of which would be line-drilled as protec- 
tion to the rock left in place. The upstream line of the notch, approximately 
on the upstream face of the dam, would join the downstream line with an apex 
angle of about 45°. 

The deeper foundation excavation was terminated at a vertical shoulder 110 
feet south of the axis. This shoulder has been trimmed to a slope of about 
30° from the vertical. It was proposed that the top edge of the shoulder he 
re-cut to a slope of about 45°, starting 4 to 6 feet back of the face. This 
shoulder was discussed as a possible origin of shrinkage cracks in the concrete, 
and the advisability of reinforcing the concrete at the shoulder to prevent such 
cracking was discussed. The Bureau of Reclamation will investigate the condi- 
tions and advise as to the necessity or quantity and location of steel reinforce- 
ment. It was mentioned that, as a matter of general practice, any sharp break 
or offset in the foundation should he carefully examined and considered as a 
possible origin for cracks, and that steel reinforcement should be put in if 
necessary to prevent the cracking. 

It was pointed out by Colonel Scheidenhelm that it would be undesirable to 
leave foundation roek higher than elevation 811 anywhere along the upstream 
line within the spillway portion of the dam. 

It was cautioned that special care should be taken in washing and grout- 
ing under the toe of the dam, the area of the principal stresses. A general 
approval was expressed covering the subsurface treatment of the foundation 
as it is being done and briefly described as follows : Tbe area is explored by 
wagon drills, 5%-ineh and 36-inch core drills; the seams are washed by re- 
versals of a supply of water and air under about 30 pounds pressure; and 
finally the seams are grouted. The area is first marked into A and B pat- 
terns, each covering a 40-foot square with holes at 10-foot centers in both 
directions, as shown on the record drawings. The B patterns are not washed 
and grouted until the surrounding A patterns have been washed, grouted and 
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set- Across the valley bottom, between the upstream line of the dam and a 
line 110 feet downstream from the axis, the drilling, washing, and grouting are 
being carried out on the spacing of 10-foot centers and to a depth of 30 feet 
in order to intercept rather important seams. Elsewhere the operation is di- 
vided into two stages as an aid to the washing and to more closely cover the 
area. First, the area is drilled to a depth of 20 feet on A and B patterns; 
then after the area has been washed and grouted, first on the A and then on 
the B patterns, the procedure is repeated on C and D patterns using holes 40 
feet deep placed midway between the 20-foot holes of the A and B patterns. 

After discussing treatment of the tailrace downstream from the draft tubes, 
it was concluded that filling with concrete all depressions in the slope that 
would cause hydraulic disturbances would be satisfactory. 

Colonel Scheidenhelm emphasized the necessity for a thorough cleaning of 
the top surfaces at horizontal joints' in the dam, expressing the view that, 
particularly at the weather faces, the top surface of the concrete should be 
removed to a considerable depth to insure against disintegration at the joints 
exposed to the weather. Dr. Savage expressed a belief that the amount of 
concrete to he removed depends to a large extent on the quality of the con- 
crete. He felt that under the conditions of good concrete at Boulder Bam a 
quarter-inch removal was sufficient. It is possible that concrete made with 
Norris Dam aggregates may require some different treatment in view of the 
large amount of rock dust that may be left in the sand. 

Barton M. Jones. 


Cableway Foundation Repairs, May 9, 1935 

An inspection of Norris Bam was made on May 8. 

This visit occurred a few days after a cave-in which undermined a portion 
of the cableway track on the west abutment of the dam site. 

The cave-in was apparently induced by the excavation of clay from solu- 
tion channels in the rock at a level 180 feet below the cableway track. If this 
assumption is correct, then one or more of the “chimneys’’ from the lower 
caverns must extend up to the level of the cableway track. 

Mr. Ross White described to the Board the proposed method of repairing 
the foundation of the cableway track, which involves the excavation of about 
12,000 cubic yards of earth to uncover solid rock down to the chimney openings, 
and the placing of a heavy concrete slab or plug to close the opening and provide 
an adequate foundation. The present steel track structure can then be sup- 
ported on concrete piers founded on rock or on the concrete slab. Core drill- 
ing northward under the remainder of the cableway track will be done to 
examine the rock foundation there. 

The Board approves the general method of repairs as proposed by Mr. White. 

We found the job as a whole to be in excellent shape and the progress highly 
satisfactory. The work is several months ahead of schedule. The concrete 
work appears to be excellent, both as to quality and as to methods of handling 
and placing. 

L. F. Haeza. 

C. H. Locher. 

Chas. H. Paul. 

J. Ja . Savage. 

S. M. Woodward. 


Abutment Grouting, August 1 , 1935 

We have examined the available data and the proposed program for explor- 
ing and grouting the abutments of the Norris Dam. 

We approve this program, which is a flexible one and may be modified to 
suit the situation as it is further developed. 

Charles P. Berkey. 
Chas. H. Paul. 

J. B. Savage. 

S. M. Woodward. 
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Grouting, September 21 , 1935 

In our field inspection today at Norris Dam we have reviewed the plans lor 
cut-off and grouting at the east abutment and east abutment ridge, and have 
examined the excavation for the concrete cut-off under the earth section, and 
the clay seam intercepted at about elevation 965. We approve the plan to tun- 
nel out and cut off this seam under the ridge, and we also approve the tentative 
plan to drill and grout this ridge, insofar as practicable, Itohi the tunnel instead 
of from the surface as first proposed. 

The proposed grout curtain at the west abutment, to continue upstream 
around the nose of the hill and up the gulch along about the 1.020 rock contour, 
is approved. 

We strongly urge that these grouting programs be pushed vigorously, par- 
ticularly at the lower elevations, so that they may be completed as far as 
possible before water in the reservoir is raised above its present elevation- 

We suggest that study be given to the desirability of blanketing the upper 
portion of the gulch on the reservoir side with earth at the narrow portion of 
the east abutment ridge, and placing enough riprap or suitable slope protection 
on the blanket to hold it against sloughing and wave wash. 

We inspected the earth fill and discussed the grouting at the Buffalo Creek 
divide, and are well satisfied with the work accomplished there and with the 
plans for completion. 

Charles P. Berkev. 

J. L. Savage. 

S. M. Woodward. 

Chas. H. Paul. 


Drum Gates, November 1 , 1935 

We have considered the method of erection of drum gates on the Norris Dam, 
and express the following opinion: 

Comparative estimates as to cost which are supported by actual cost records 
for a similar installation indicate a substantial saving in favor of erection by 
the manufacturing company. This saving alone seems to us to warrant award 
of the contract, including erection, to the low bidder. 

Even if the cost estimate favored erection by Government forces, we believe 
that it is worth several dollars a ton to the TV A to be able to concentrate ail 
responsibility for manufacture, erection, contingencies, and final acceptance tests, 
on the one organization. 

We, therefore, believe that under the circumstances the award of this con- 
tract, including erection, to the Virginia Bridge & Iron Co. is fully justified. 

Chas. IX Paul. 

J. L. Savage. 


Grouting, December 31, 1935 

We have reviewed with engineers Dale and Lewis the progress of grouting at 
Norris Dam since our last visit on November 25. 

We are impressed with the importance of completing certain critical sections 
of this work before the water in the reservoir is raised to heights which might 
interfere with the progress or the effectiveness of this grouting. 

We recommend that the program be set up so as to give assurance that the 
following sections will be completed not later than March 31, 1936: 

East abutment — Core wall grouting station 2 -f- 20 to 8 -j- 90, 10-foot spacing. 
Rim grouting station 0 -f- 0 to east 15 +- 0, 50-foot spacing. 

West abutment — Rim grouting station 0 4- 0 to west 9 -+ 0, 20-foot spacing. 

J. X. Savage. 

Chas. H. Paul. 


153813 — 40 - 
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Grouting, April 6, 1936 

Tbe members of the Consulting Board spent most of Monday, March 80, in 
inspection of the work at Norris Bam and reviewed with your engineers the 
details of the grouting work done to date, and the proposed completion of the 
original grouting program. Y 

The general character of construction work on the dam and appurtenances 
appears to be excellent. 

With water in the reservoir standing at about elevation 964, there are as yet 
no indications of seepage either under or around the dam. While this may be 
considered as presumptive evidence that the grouting has been effective at the 
lower elevations, sufficient time has not yet elapsed to afford a conclusive test. 

The plan to continue the original grouting program to completion is approved, 
and it is recommended that an adequate reserve be held in the construction fund 
to be used as needed to care for any seepage that may develop as the water in 
the reservoir is raised to higher elevations. 

I C. Glenn. 

L. F. Hamza. 

Chas. H. Paul. 

Wabren J. Mead. 

J. L. Savage. 


Construction, July 14, 1936 

The Board spent the forenoon of July 13 inspecting the Norris Dam. This 
inspection included a general examination of the condition of the concrete, the 
general character of the gate and valve installations, the slight seepage into 
galleries in the dam, the progress in the installation of power plant machinery 
and progress in other features of the project. 

It is the opinion of the Board that the construction of Norris Dam and power 
plant is satisfactory and that excellent progress has been made since the time 
of the last Board meeting. 

Present progress in the installation of power machinery and equipment indi- 
cates that the plant may be ready to generate power sometime in August. We 
see no objection to starting the generating units as soon as the usual tests and 
adjustments are made. 

Charles P. Berkey. 

O. N. Floyd. 

E. C. Glenn. 

G. W. Hamilton. 

Chas. H. Paul. 

E. P. Haeza. 

C. H. Locher. 

Wabren J. Mead. 

J. L. Savage. 


Additional Office Space at Norris Power Plant, October 9, 1936 

Consideration has been given to the need for additional office space and to 
the need for a first-aid room at Norris power plant. 

An office room approximately 17 by 19 feet has been provided in Norris power 
plant. This affords adequate space for the three desks proposed by the Oper- 
ating Department and: it appears that there is no need for additional office 
space under present conditions. In the event the Norris power plant becomes a 
major distributing station requiring more personnel than now contemplated, 
additional office space would probably be required. 

A first-aid room should be provided in the Norris power plant and it appears 
that the storeroom on the floor at elevation 866.5 could readily be fitted up and 
used for this purpose. Substitute storage space could be provided elsewhere. 

It is the opinion of the Board that the existing office space at Norris power 
plant is adequate for all present needs, and it is recommended that the proposed 
construction of additional office space over the control room be deferred until 
the future operating program is more definitely defined and there is a definite 
need for it. 
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The question of suggested changes at Norris brings to our attention the im- 
portance of ascertaining what the original designers had in mind before changes 
are made. ** 

After power plants and other property are turned over to the Operating Dernrt- 
^ fc ^ y r > C0D ^ 011 ch , an £ es Prosed by the latter should be considered bv 
both the Construction and Design Departments. It is believed that the Oiiei> 
atmg Departoent should not undertake changes involving additional constric- 
tion workbut that such changes if authorized by the Chief Engineer should be 
made by the Construction Department. 

operating^nd'm^interianc^ 0Perating force shouId deTcte a11 *s activities to 


George W. Hamilton. 
William F. Uhl. 

L. X McClellan. 




Appendix C 

DESIGN STUDIES 


Gravity analyses and twist studies for Norris Dam were prepared by the 
United States Bureau of Reclamation and the results verified by ciieek analyses 
computed by the Tennessee Valley Authority. Structural data, list of analyses 
made, constants and assumptions used in the analyses, together with a brief 
outline of the results, have been given in chapter 3. 

BUREAU OF RECLAMATION DESIGN STUDIES 1 

The results of the gravity analyses for the empty condition and for the differ- 
ent flood conditions are shown on figures 320 to 322, inclusive. The results of 
the analyses made by the engineers of the Authority are also shown on these 
exhibits by the figures in parentheses as a matter of comparison with the 
results obtained by the United States Bureau of Reclamation. Sliding factors 
and shear-friction factors of safety for the assumption of two-thirds uplift 
are shown at the downstream face of the cross section in the cases of full 
reservoir loading. Location of resultants with and without uplift, also for 
the concrete -weight alone, are shown by the arrows at the different elevations 
on the cross section. Unit stresses at the faces of the dam, both vertical and 
parallel to the slopes of the faces, are tabulated at the right and left sides of 
the drawings. Unit w T ater pressures at the upstream face of the dam are 
tabulated at the different horizontal sections analyzed, for the different assumed 
elevations of reservoir surface. Tail water pressures at the downstream edge 
of the base are shown below the column of vertical foundation pressures of the 
downstream face and designated by asterisks. Both water pressures and unit 
pressures are shown in pounds per square inch in all cases ; elevations of reser- 
voir surface at the upstream face of the dam and the corresponding elevations 
of tail water surface at the downstream face are shown on the cross section, 
but the surface curves of the spillway overflow’ are not shown. All stresses 
are positive unless otherwise noted. 

EMPTY RESERVOIR 

The results of the stress analyses for the empty condition of the reservoir 
are shown on figure 320. The maximum compressive stress during this condi- 
tion of loading occurs at the upstream edge of the base, elevation 800, and 
amounts to 233 pounds per square inch vertical pressure or 243 pounds per 
square inch inclined stress in the case of the abutment section, and 216 pounds 
per square inch vertical pressure or 224 pounds per square inch inclined stress 
in the case of the spillway section. A small amount of tension is indicated at 
elevations 900 and 950 at the downstream face of the abutment section, the 
maximum value occurring at elevation 900 and amounting to 1,0 pound per 
square inch vertical stress and 1.6 pounds per square inch inclined stress. 
This tension, although negligible in amount, is purely theoretical inasmuch as 
the water probably never will be completely drained out of the reservoir after the 
project is once put into operation. No tension is indicated at the spillway section. 

Notes toe Figures 320 to 323, Inclusive 

1. Unit weight of concrete=150 pounds per cubic foot. 

2. All normal stresses are compressive except those preceded by a negative 
sign which are tensile. 

1 Honk, Ivan E., Design of Cross Section. Gravity Analyses and Twist Studies for 
Norris Dam, D. S. Bureau of Reclamation Technical Memorandum, No. 354, Nov. II, 1 933. 
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S. All shear stresses are positive and are caused by shear forces acting 
thus ?=± 

4. Total -water load carried by vertical cantilever. 

5. * Normal tail water pressure at downstream face of dam. 

Horizontal Force 

G. S = Sliding factor, two-thirds uphft= Weight—" Uplilt ‘ 

^ ( W— 0)XCt TX i ? 5 Q = Shear-friction factor of safety, 

7 • v two-thirds uplift. 

TF= Weight. 

U= Uplift. 

C— Coefficient of internal friction. 

T= Thickness. 

-Rg — Unit shear resistance. 

H~ Horizontal force. 


8 . Coefficient of internal friction— 0.65. 

9. Unit shear resistance=400 pounds per square inch. 

10. Broken resultants ( \i ) are for reservoir water surface elevation 1,060. 

Solid resultants ( \ ) are for reservoir water surface elevation 1,034. 

11. The third points are indicated at each section. 

Special Notes for Figure 323 

1. Assumed acceleration of earthquake=0.10 g. 

2. Assumed period of vibration of earthquake =1 second. 

3. The effect of the increase in vertical water pressure due to earthquake is 
omitted in this analysis. 

4. This analysis also assumes that tail water pressure and uplift pressure 
are unchanged by effect of earthquake. 

HYPOTHETICAL FLOOD 

Figure 320 shows that the maximum sliding factor at the abutment sections 
of the dam for this condition of reservoir loading, assuming the full water 
load carried by gravity action, occurs at the base of the maximum section, 
elevation 800, and amounts to 0.666. The shear-friction factor of safety at the 
same elevation amounts to 7.1, the minimum value for any elevation in the 
abutment section. The maximum compressive stress occurs at the downstream 
face of the dam at elevation 800 and amounts to 194 pounds per square inch 
vertical pressure or 289 pounds per square inch inclined stress parallel to face. 
The maximum shearing stress occurs at the same location and amounts to 122 
pounds per square inch. No tension occurs at any location during this condition 
of loading. Vertical compressive stresses at the upstream face of the dam 
are greater than the unit water pressure at elevations above 900 and only 
slightly lower than the water pressures at elevations below 900. 

Figure 320 shows that the sliding factors, shear-friction factors of safety, 
maximum compressive stress, and maximum shearing stress in the spillway sec- 
tion of the dam are very similar to those in the abutment section except that 
the sliding factor is somewhat higher just below the drum gate chamber, as 
would be expected. 

MAXIMUM FLOOD 

Figure 321 shows that the maximum sliding factor in the abutment section 
of the dam for this condition of reservoir loading, assuming the full water 
load carried by gravity action, occurs at the base of the maximum section, 
elevation 800, and amounts to 0.638. The shear-friction factor of safety at the 
same elevation amounts to 7.3, the minimum value for any elevation in the 
abutment section. The maximum compressive stress occurs at the downstream 
edge of the base, elevation 800, and amounts to 183 pounds per square inch 
vertical pressure or 273 pounds per square inch inclined stress. The maximum 
shearing stress occurs at the same location and amounts to 116 pounds per 
square inch. No tension occurred at any location during this condition of load- 
ing. Vertical compressive stresses at the upstream face of the dam are greater 
than the unit water pressures at elevations above 850 and only slightly lower 
than the water pressures at elevation 800. 
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Figure 321 shows that the sliding factors, shear-friction factors of safe tv, 
maximum compressive stress, and maximum shearing stress at the .spillway 
section of the dam are very similar to those in the abutment section except that 
the sliding factor is somewhat higher just below the drum gate chamber, as in 
the case of the hypothetical flood condition. 
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MAXIMUM SPILLWAY SECTION 

Figure 320- — Gravity analysis — Reservoir elevation 1,052. 


NORMAL FULL LOAD OPERATION 

The results of the stress analyses of the conditions of normal full reservoir 
operation are shown on figure 322. 

Figure 322 shows that the maximum sliding factors in the abutment section 
for this condition of reservoir loading, assuming the full xfraber load carried by 
gravity action, occur at the base of the maximum section elevation 800 and 
am ount to 0.565. The shear-friction factor of safety at the same elevation 
amounts to 8.1, minimum value at any elevation in the abutment section. The 
maxim nm compressive stress occurs at the downstream edge of the base, eleva- 
tion 800, and amounts to 159 pounds per square inch vertical pressure or 236 
pounds per square inch inclined stress. The maximum shearing stress at the 
same location am ounts to 102 pounds per square inch. No tension occurs at 
any location during this condition of loading. Vertical compressive stresses at 
the upstream face of the dam are greater than the unit water pressures at ail 
elevations. 

Figure 322 shows that the results of the analyses for the spillway section are 
very similar to those obtained in the abutment section. 
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HYPOTHETICAL SUPERFLOOD 

The results of the stress analyses for the conditions which would exist in 
case of a hypothetical superflood, reservoir water surface at top of dam, eleva- 
tion 1,060, are shown on figure 322. 



MAXIMUM SPILLWAY SECTION 


Figure 321. — Gravity analysis — Reservoir elevation 1,047. 

Figure 322 shows that the maximum sliding factors in the abutment section 
for this condition of reservoir loading, assuming the full water load carried by 
gravity action, occurs at elevation 850 and amounts to 0.T32. The minimum 
value of shear-friction factor of safety occurs at the base of the maximum 
section elevation 800 and amounts to 6.8. The maximum compressive stress 
occurs at the downstream edge of the base, elevation 800, and amounts to 212 
pounds per square inch vertical pressure and 316 pounds per square inch in- 
clined stress. The maximum shearing stress occurs at the same location and 
amounts to 130 pounds per square inch. No tension occurs at any location 
during this assumed extreme condition of loading. Vertical compressive 
stresses at the upstream face of the dam are slightly lower than the unit water 
preassures at all elevations below 1,000, the minimum ratio of the unit water 
pressure occurring at the base of the dam, elevation 800, and amounting to 0.646. 

Figure 322 shows that the results of the analyses of the spillway section for 
this condition of reservoir loading are very similar to those obtained in the 
abutment section. 

EARTHQUAKE EFFECTS 

The effects of the assumed maximum earthquake shock on the stresses and 
stability of the structure during the empty and normal full operating condition 
of the reservoir are shown on figure 323. Sliding factors during the empty 
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condition of the reservoir will be 0.10 at all elevations in both, spillway and 
abutment sections, since the horizontal acceleration during the occurence of the 
earthquake has been assumed to be one-tenth of gravity. 

Figure 323 shows that the maximum compressive stress in the abutment sec- 
tion of the dam during the empty condition of the reservoir occurs at the up- 
stream edge of the base, elevation SOO, and amounts to 279 pounds per square 
inch inclined pressure, an increase of 36 pounds per square inch due to the 
earthquake effects. Some tension occurs at the downstream face, the maximum 
occurring at elevation 900 amounts to 40 pounds per square inch. 
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Figure 322. — Gravity analysis — Reservoir elevations 1*060 and 1,034. 


Shearing stresses caused by the occurrence of the earthquake shock during 
the empty condition of the reservoir are relatively small, the maximum amount- 
ing to 54 pounds per square inch and occurring at the upstream edge of the 
base. The maximum shearing stress at the downstream face during this condi- 
tion of loading amounts to 19 pounds per square inch and occurs at elevation 900. 

The analysis for the occurrence of the earthquake during the normal full 
operating condition of the reservoir shows that the maximum compression 
occurs at the downstream edge of the base, elevation SOO, and amounts to 315 
pounds per square inch inclined stress, an increase of 79 pounds per square inch 
due to earthquake effects. 

No tension occurs at any location during this condition of loading. Vertical 
stresses at the upstream face of the dam exceed the increased unit water 
pressure at elevations above 900. At the face of the dam the inclined stress 
at the upstream face amounted to 71 pounds per square inch or 64.5 percent 
of the unit water pressure as increased by the earthquake shock. The maximum 
shearing stress during this condition of loading occurs at the downstream 
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GRAVITY ANALYSIS SPILLWAY SECTION 


Fic-UJUB 323. Gnaciiy analysis — Including earthquake effects. 


M E axireinm stresses, sli*3in^ factors, and. shear-friction factors of safety in the 
spffiBmy section of t3he (Earn, are similar to those in the abntanent section except 
thafc the teraston. at the downstream face dinring the empty condition, of the 
x«8es®Toiar is nnwih lower in the spillway section than in the abutment section, 
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and the sliding factor during tlie full normal operating condition of tlie reser- 
voir is somewhat higher in the spillway section than the abutment section in 
the case of the high elevations. 

TRIAL LOAD TWIST ANALYSIS 

Figures 324 and 325 show the results of the trial load twist analysis for 
hypothetical flood conditions ; that is, reservoir water surface elevation at 1,052. 

Sliding factors at elevations above the base of the cantilever elements were 
calculated in the usual way; that is, by dividing the total horizontal water 
load carried by gravity action by the total weight of the concrete plus the 
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Figure 324. — Tried load twist analysis — Location of cantilevers and beams — Sliding 

factors and resultants. 


weight of the water on the horizontal projection of the upstream face minus 
the total uplift force. Sliding factors at the base of the cantilever elements 
are calculated by dividing the total horizontal force, including the load brought 
in horizontally by twist action, by the component of the total vertical force 
acting in a direction normal to the slope of the base, properly corrected for 
uplift. This method makes proper allowances for the horizontal water load 
transmitted to the abutment by twist action and for the total area of the base 
of the cantilever along which sliding would take place if such movements 
should occur. 

Fifteen cantilever elements and five horizontal elements were carefully ana- 
lyzed. The cantilever elements were distributed along the profile so as to give 
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data at locations where the load distributions and deflections were most needed, 
as shown by previous trial load analyses of twist effects. The horizontal ele- 
ments were located at 50-foot elevations from elevation 850 to elevation 1,000, 
and at elevation 1,060, the top of the dam in the abutment sections. 




Downstream deflection - reservoir full' 




NOTES: 

U “Stress at upstream face, 
parallel to face of dam. 

D “Stress at downstream face, 
parallel foface of dam. 

Stresses in pounds per sq inch. 
Water surface at El 1052. 
Tailwater surface at El 847. 

All stresses are compressive, 
o Cantilever deflection 
x Deflection of twisted structure 



LOAD DISTRIBUTION AND RADIAL DEFLECTION ADJUSTMENT 
Chowzdntal water load in thousands of pounds per sq ft) 

Figure 325. — -Tried load twist analysis — Load distribution and adjustments on horizontal 
elements — Reservoir full stresses and load distribution.. 


Load distribution curves on figure 325 show that very little load was carried 
by twist action in the upper part of the dam, that a small amount was carried 
by twist at the lower elevations in the spillway and left abutment sections, and 
that appreciable portions of the water load were carried by twist action near 
the bases of the cantilevers in the right abutment section. 
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EFFECTS OF TWISTS ON SLIDING FACTORS 

Figure 324 shows that the general effect of twist action on sliding factors 
was beneficial especially in the higher sections of the dam. For instance, twist 
effects at cantilevers E and H reduced the sliding factors at the foundation levels 
from 0.666 to 0.572 and from 0.666 to 0.627, respectively. Twist effects at cantile- 
ver I reduced the sliding factors at the foundation levels from 0.672 to 0.630 at the 
horizontal plane and from 0.646 to 0.610 at the inclined base. In the spillway 
section, which has the same base elevation as cantilevers E and H, the sliding 
factors were unchanged or somewhat reduced by making proper allowances for 
twist effects. 

In the left abutment section the sliding factors were decreased appreciably 
at the higher cantilevers and increased slightly at the lower cantilevers near 
the end of the dam. However, increases were not serious Inasmuch as the limit- 
ing value of 0.65 was not reached at any location except the base of cantilever 
K where the factor was increased from 0.607 to 0.G6S. 

In the right abutment section the sliding factors were decreased at cantilever 
D and at the higher elevations at cantilevers B and C and were increased some- 
what at the foundation levels of cantilevers A, B, and O, the limiting value of 
0.65 being exceeded slightly at the bases of cantilevers A and B. 

The reduction in sliding factors at cantilevers E and H and at the higher 
elevations in the other cantilevers of the abutment sections caused by twist 
effects was one of the principal reasons why it was possible to reduce the thick- 
ness of the dam at the abutment sections. 

EFFECT OF TWIST ON STRESS 

The stress profile in the upper part of figure 325 shows that the general effect 
of twist action on the distribution and magnitude of cantilever stress was bene- 
ficial but was not of great importance in either spillway or abutment sections. 
As a general rule stresses in the abutment sections were increased at the up- 
stream face of the dam and decreased at the downstream face. Stresses in the 
spillway section were generally affected in the same way, but the changes were 
much smaller than in the abutment sections. Compressive stresses were not 
changed to tensile stresses at any location in either section. Since the maximum 
compressive stresses occur at the downstream edge of the base in both spillway 
and abutment sections, the effect of twist action was to reduce the magnitude 
of the maximum stresses. 

EFFECT OF TIP LI FT ON SLIDING FACTORS 

Table 102 shows the effect of variations In uplift on the value of the sliding 
factor at different elevations in the abutment and spillway sections of the dam 
for the normal full operating condition of the reservoir. 


Table 102. — Effect of variations in uplift on sliding factor 
SLIDING FACTOR 


Elevation 

No TJ. A. 

TJ.J 

L H 

XT. A.M 

U. A.M 

U. . 

i 

j 

Full U. A. 

A 

S 

A 

S 

A 

S 

A 

S 

A 

s ! 

A 

S 

1,000. 

0. 137 

0. 324 

0. 143 

0.371 

0. 146 

0.390 

0.151 

0.435 

0.157 

0.491 

0. 169 

0. 060 

950 

.291 

.337 

.314 

.370 

.322 

.383 

.341 

.411 

.361 

.443 

.410 

.527 

900 

.371 

.384 

.404 

.422 

.417 

.436 

.444 

.468 

.475 

.504 

. 552 

.598 

850 

.408 

.408 

.448 

.449 

.462 

.464 

.495 

.499 

.533 

.539 

.629 

.643 

800 — 

.411 

.405 

.458 

.453 

.476 

.471 

.517 

.512 

.565 

.562 

. 695 

.696 


XT. A. — Uplift assumption. A — Abutment section. S — Spillway section. 


Values of the sliding factor are tabulated for conditions of no uplift, one- 
fourth uplift, one-third uplift, one-half uplift, two-thirds uplift, and full uplift. 
These designations mean that the assumed uplift pressure curve, varying from 
full reservoir pressure at the upstream face of the dam to zero or tail water 
pressure at the downstream face, was applied to one-fourth, one-third, one-half, 
two-thirds, and the full horizontal area at each elevation, respectively. 
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Table 102 shows that for this condition of reservoir operation the sliding 
factor would not exceed 0.70 at any elevation at either section of the dam, even 
though the uplift pressure curve, through some unforeseen contingency, might be 
applied to the full horizontal areas. The occurrence of such an unforeseen 
contingency is not considered possible. 

EFFECTS OF UPLIFT ON SHEAR- FRICTION FACTORS OF SAFETY 

The effect of variations in uplift on the value of the shear-friction factor 
of safety at different elevations in the abutment and spillway sections of the 
dam for the normal full operating condition of the reservoir is shown in 
table 103. 


Table 103- — Effect of variations in uplift on shear-friction factor 
SHEAR-FRICTION FACTOR OF SAFETY 


Elevation 

No U. A. 

U. A. )4. 

U.A. H 

U. A. H 

U. A.H 

Full U. 

A 

s 

A 

S 

A 

S 

A 

S 

A 

S 

A 

S 

1.000 

81.4 

87.2 

81.2 

86.9 

81. 1 

86.8 

81.0 

86.6 

80.8 

86.5 

80.5 

86.1 

950 i 

23.9 

25.5 

23.8 

25.3 

23.7 

25.2 

23.6 

25.1 

23.5 

25.0 

23.3 

24.8 

900 

13.9 

14.5 

13.7 

14.4 

13. 7 

14.3 

13.6 

14.2 

13.5 

14.1 

13.3 

13.9 

S50 - i 

10.2 

10. 6 

10.1 

10.4 

10.0 

10.4 

9.9 

10.3 

9.8 

10.2 

9.6 

10.0 

soo : 

i 

8.5 

8.8 

8.4 

8.6 

8.3 

8.6 

8.2 

8.5 

8.1 

8.3 

7.9 

8.1 


U. A. — Uplift assumption. A — Abutment section. S— Spillway section. 


"Values of the shear-friction factors of safety are tabulated for conditions of 
no uplift, one-fonrth uplift, one-third uplift, one-half uplift, two-thirds uplift, 
and full uplift. 

Table 103 shows that the factor of safety against failure by sliding, for this 
condition of reservoir loading, would be 7.9 at the base of the abutment section 
and 8.1 at the base of the spillway section, even though the uplift pressure 
curve, through some unforseen contingency might be applied to the full hori- 
zontal area, a contingency which is not considered possible as stated above. 

CHECK ANALYSES 

GRAVITY ANALYSIS 

The Tennessee Valley Authority made check computations on the gravity 
analyses originally, computed by the United States Bureau of Reclamation. In 
these analyses two conditions of loading (namely, reservoir water surface at 
elevation 1,052.0 and tail water at elevation 847.0, and reservoir water surface 
at elevation 1,034.0 and tail water at elevation 830.0) were used. Additional 
analyses were made to determine the effect of earthquake action on the struc- 
ture for the condition of reservoir water surface at elevation 1,034.0 (top of 
gates) and tail water at elevation 830.0. The results of these computations 
closely checked those made by the Bureau of Reclamation. The results of both 
analyses are shown on figures 320, 321, and 322. 

The structural data used in the check calculation of the stability analysis are 
the same as were used by the Bureau of Reylamation in the original gravity 
analysis. The sections investigated were the abutment and spillway sections 
under loadings as assumed by the Bureau of Reclamation, the shapes of sections 
being the same as shown on figure 320. 

These calculations show the method and equations 1 used by the Tennessee 
Valley Authority in checking the results of the Bureau of Reclamation stability 
analysis. 

Abutment section— mgxire 320 shows the general outline of the abutment sec- 
tion and the planes along which stress calculations were made, together with 
tables showing the results of check analysis (shown in parentheses) and values 
obtained by the Bureau of Reclamation. 
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The concrete weights above various elevations, together with the eccentricity 
of the resultant as measured from the center of the base, are shown in table UJ4. 

Vertical stresses at the upstream face and the downstream face were calcu- 
lated from the equations: 


^ H t 1 __ Vertical stress at the upstream 

* u 1446l & J face in pounds per square inch 

5 — ^ r r j Vertical stress at the downstream 

* d 1446j_ b J face in pounds per square inch 


( 1 ) 

( 2 ) 


In these equations V is the vertical component of the forces acting on the base 
being investigated, & is the length of the base, and e is the eccentricity of the 
vertical component V, or the distance from the center of the base to the point 
where the resultant of the forces passes through the base. Stresses parallel to 
the faces are computed by the equation : 


S v =zS 9 _Se&<f> (3) 

Where S vu and S P d are the stresses parallel to the faces S vv — S n Sec 2 #* or 8-^= 
S*d Sec 2 4>d and <f> is the angle the face makes when the verticle. 

4> upstream = angle whose tangent =0.2= 11° 3 9' 

Sec 4 > n == 1.0198 Sec 3 4> u == 1.0400 

(at elevations 800 and 850) 

<f> downstream = angle whose tangent = 0.7 = 35° OO' 

Sec <f> d = 1.2208 Sec ? <£ rf = 1.4904 


In considering the case of empty; reservoir, V in the above equations is 
equal ro the weight of concrete above the section being investigated. Table 
105 shows the resulting stresses for this condition. Plus (-f) stresses are 
compression and minus ( — ) stresses are tension. 

For the condition of reservoir full (elevation 1,052.0) the vertical stresses 
are the summation of the stress due to the water pressure, plus the stress 
due to weight of concrete as shown in table 105. In this case it is necessary 
to take into consideration both the horizontal and vertical water pressures 
acting on the face of the dam as well as the horizontal and vertical water 
pressures due to the tail water ( elevation 847.0) . 

The vertical stresses at the upstream face and the downstream face due to 
the horizontal water pressure are computed by the summation of moments 
about the center of the base of the section. This summation of moments about 
the center of the base solved for the stress “S„” results in the equation : 


£,= 


wh z 

± 144b 3 


( 4 ) 


Where is the stress in pounds per square inch (minus at the upstream 
face and plus at the downstream face) w is the unit weight of water (62.5 
pounds per cubic foot), h is the height of the water column above the base in 
feet, and & is the length of the base In feet at the elevation being investigated. 

At elevation 850.0 there is additional stress due to the vertical pressure of the 
water on the incline section of the upstream face between elevation 850.0 and 
elevation 875.0, which results in a uniform compression stress over the entire 
base, plus stresses due to the amount of the vertical water forces. Stresses due 
to this vertical water load are expressed by the equation : 




w r r 6 «~| w' 6w'e 
1446L =*= 6 J 1445 * 1445 2 


(5) 


Where «?' is the weight of the water acting vertically, e is the lever arm (eccen- 
tricity) of w r from the center of the base, and b is the base. This stress is 
plus at the upstream face and minus at the downstream face. 

The stress due to water pressure at elevation 800.0 is the algebraic summation 
of stresses due to reservoir water pressure and tail water pressure. Stresses 
due to reservoir water pressures are calculated from the summation of equations 
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(4) and (5), (minus at the upstream face and plus at the downstream face). 
Stresses due to the tail water (elevation 847.0) are calculated from the same 
equation (plus at the downstream face and minus at the upstream face). 
Stresses parallel to the face are calculated from equation (3). 

Table 106 shows the stresses at upstream and downstream faces in the case 
of reservoir full (elevation 1,052.0). 

The eccentricity of the resultant water and concrete loads is expressed by 
the equation: 


Where M is the summation of moments about the center of the base and W is 

the summation of concrete and water weights above the section. Resultant 

eccentricities are shown in table 107. 

Horizontal shear stresses at the upstream and downstream faces are cal- 
culated by the equations: 

S'* = — (S vu - Pu) Tan <f> u ( 7) 

S'd— + (£wi — P<d Tan <j>a (8) 

Where 

S' u — Horizontal shear stress at upstream face. 

S'd — Horizontal shear stress at downstream face. 

3„ 1X = Vertical stress upstream. 

S-rf— Vertical stress downstream. 

P„ = Unit pressure at the upstream face. 

Pd— Unit pressure at the downstream face. 

4> u — Angle of upstream face with vertical. 

<f>d= Angle of downstream face with vertical. 

These shear stresses are given in table 10S. 

Uplift pressures are assumed to act in a straight line from full reservoir 
pressure at the upstream face of the dam to zero pressure at the downstream 
face, or to tail water pressure at locations where the plane being analyzed is 
below the elevation of the tail water surface. On this basis the uplift pressures 
are assumed to act over two-thirds the horizontal area of the concrete sections 
analyzed. At elevations above the base the uplift pressures are assumed to act 
in the pores of the concrete as well as along the plane of contact between the 
concrete and the foundation rock. The uplift pressure is expressed by the 
equation : 

U — It^t] <»> 


In this equation h' is the tail water head. 

The sliding factor at the various elevations is therefore equal to 

.. Horizontal Force 
Weight -h Uplift 


( 10 ) 


Table 109 shows the sliding factors based on the uplift assumptions stated above. 

The eccentricity of the resultant of all loads (water, concrete, and uplift) is 
calculated from equation (6) in which the summation of all moments and the 
summation of all loads are used. Results of these calculations are shown in 
table llO. 

The shear-friction factor of safety, with assumed two-thirds uplift, is equal to 

q. _ ( Weight — Uplift) X 0. 65 + ( 144 X 40Q&) 
v Horizontal Force 


In this equation the constant 0.65 is the coefficient of internal friction and the 
constant for unit shear resistance is 400 pounds per square inch. These factors 
of safety are shown in table 111. Values for weight, uplift, and horizontal force 
are taken from table 10& 

Spffiwcp section . — The calculation of stresses for the spillway section is simi- 
lar to the procedure followed in calculating stresses for the abutment section. 
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with the exception of the calculation of stresses due to the horizontal water 
pressure acting on the upstream face of the dam. 

Figure 320 shows the general outline of the spillway section and the planes 
through which stress calculations were made, together with tables showing the 
results of the cheek analysis (shown in parentheses) and values obtained by 
the Bureau of Reclamation. 

The weights of concrete (plus weight of gates) and the eccentricity of the 
forces are shown m table 112. In this calculation the opening for the gates is 
deducted. ertical stress calculations for the condition reservoir empty are 
made from equations (1) and (2) and stresses parallel to the faces are calcu- 
lated from equation (3). The summary of the stresses is shown in table 114. 

Sec 2 4>u= 1.0400 (elevations 800 and 850). 

Sec 5 4>d— 2.0392 (elevation 1,000). 

Sec 2 4> d — 1.4904 (elevations 950, 900, 850, and 800). 


For the condition of reservoir full (elevation 1,052.0), the stress due to 
horizontal water pressure are calculated by taking moments about the center 
of the base of the section being investigated which reduces to the equation: 


S,= db 


["6v(ft— ft j)2 
L 1446 2 



( 12 ) 


where 7b is the height of the water column above the gates or 18 feet This 
equation results in minus ( — ) stresses at the upstream face and plus (-{-) 
stresses at the downstream face. 

Additional stresses are introduced by the weight of the water acting vertically 
on the top of the dam. Computations of this water load and moments are 
shown in table 113. 

In the determination of the eccentricity of the resultant water and dead 
loads the moment due to water pressure on the upstream face is expressed by 
the equation : 

M-p-wrp+f] 


In computing the sliding factors based on the uplift assumptions previously 
stated, the horizontal force acting on the upstream face is determined by the 
equation : 


F~ 


wh 2 — w(hj ) 2 
2 


(14) 


The weight acting on the base being investigated is the summation of the 
concrete load plus the vertical water load. Tables 114 to 120, inclusive, give 
the computations and results of the stress analysis for the spillway section. 


EARTHQUAKE EFFECTS 

For the purpose of analyzing Norris Dam for stability against earthquake, 
it was assumed that the maximum earthquake shock would occur at time of 
full load operating conditions (elevation 1,034.0). The period of vibration was 
assumed as one second and the acceleration as one-tenth of gravity, the direc- 
tion of vibration being at right angles to the axis of the dam. The full water 
load was assumed to be carried by gravity action. For the reservoir water sur- 
face at elevation 1,034.0, the corresponding tail water is at elevation 830.0. 

The same method 3 of analysis was used by the Bureau of Reclamation in 
the original calculations and by the Tennessee Valley Authority in making a 
check analysis. 

Abutment section . — The section used in this analysis is the same as used in 
the gravity analysis and is shown in figure 320. The weights of concrete are 
shown in table 104. Figure 323 shows the comparison of the values obtained 
by the Tennessee Valley Authority (shown in parentheses) and the Bureau of 
Reclamation. 


* Westergard. H. M-. Water Pressures on e Dam During: Earthquakes, Transactions 
of American Society of Civil Engineers, vol. 9S, 1933, pj», 41 S— 433. 


155813 — 40- 


-44 
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For the condition of reservoir with water surface at elevation 1,034, and with- 
out earthquake effect, the equations for calculating stresses are the same as 
previously used in making computations with the condition of water surface 
at elevation 1,052. Table 121 shows the stresses due to water pressure and 
concrete combined with no earthquake effects. Tables 122 to 125 show the 
values of eccentricity of resultant water and dead loads, horizontal shear 
stresses, sliding factor, and shear-friction factor of safety, respectively, for 
this condition. 

For the condition of reservoir empty the effect of maximum earthquake shock 
is assumed when the direction of foundation acceleration is downstream, i. e., 
when the inertia force of the dam caused by the earthquake is acting in an 
upstream direction. 

From the assumptions previously stated 

Maximum Horizontal Acceleration of Foundations _ - - . 

Acceleration Due to Gravity * ^ ' 

then the horizontal inertia force “G” of the concrete or dead load weight above 
a section will equal 

G=0.1F (16) 

and correspondingly, the moment due to the earthquake force will be the moment 
of G about the center of the base. In this case the moments will be positive, 
i. e., G is acting in an upstream direction. 

Computations of the resulting moment M s (moment due to earthquake ef- 
fect), together with the resulting eccentricity e of the resultant force, are 


shown in table 126. 

The vertical stress at the faces is expressed by the equations: 

S]-ihs[ 1 + 2 r] < 17 > 

S *"=tJe&~ (18) 

Stresses parallel to the face are expressed by the equation : 

Sec 2 <j> u and 

SvdJs—SvdK Sec 2 <p d (19) 

Table 127 shows the resulting computation and stresses. 

Shear stresses on a horizontal plane are shown by the equations : 

S'ug—S-mijs Tan (20) 

S'dB—8vdB Tan <f>d— O-fSvdE (21) 


Values for these equations are shown in table 128. 

In considering the effect of earthquake with high water elevation 1034.0, it 
Is assumed that the maximum effect of the shock occurs when the direction 
of foundation acceleration is upstream, i. e., when the inertia force of the 
dam and water caused by the earthquake is acting in a downstream direction. 
In these calculations, the effect of vertical acceleration is ignored. 

Earthquake in effect results in a parabolic increase in water pressure at 
the upstream face. This change in water pressure is expressed by the 
equation : 

Ps-CK-yfzh (22) 


Where <7 is a coefficient depending on the ratio of z to N, z equals distance 
from water surface to base of cantilever element and N equals period of hori- 
zontal vibrations of foundation — assumed to be one second. The value of G 
is expressed by the equation : 

n 51.0 lb. per cu. ft. 

(23) 


V 1 - 


0.72 


( sXsec. \* 
1,000 ATX ft./ 
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In equation f22b K is the ratio of maximum horizontal acceleration of the 
foundation to the acceleration due to gravity. For these computations the 
ratio is assumed as 0.1. 

The horizontal inertia force of the water above any section is expressed by 
the equation : 

PxcE— (2/3) CKh-\' zh (24) 

and the moment of P vB about the center of gravity by the equation: 

M*b= (4/ 15) CK h ^JTh (25) 

The vertical stresses at the upstream and downstream faces are expressed 
by the equations: 

0 Summation F , . 6 

Svu E = jTTz. h (Summation M+M E ^rM wE ) T (26) 


Summation V 


(Summation M + Mb ~h M^e^j 


The horizontal force in table 133 includes horizontal inertia force of water due 
to earthquake effect as expressed by the equation (22) and the horizontal in- 
ertia force of concrete expressed by the eauation (16). 

Spillway section . — The section used in this analysis is the same as used in 
the gravity analysis and shown in figure 320. The weights of concrete are 
shown in table 112. 

Figure 323 shows the comparison of values obtained by the Tennessee 
Valley Authority (shown in parentheses) and the United States Bureau of 
Reclamation. 

The moments due to the inertia of the concrete together with the moment 
of the concrete and the resulting eccentricity are shown in table 142. 

The stresses at the faces are computed from equations (15), (16), and (3) 
and the results shown in table 143. 

Computations of stresses, eccentricities, horizontal shear stresses, sliding fac- 
tors, and shear-friction factors of safety are shown in tables 345 to 140, inclusive. 

Table 104. — Abutment section — computation of concrete weights , moments , and eccen- 
tricity — without earthquake effect 


Area A 
square feet 


Moment 

AXX 


Concrete 

weight 

AX150 

pounds 


1,060-1,040.13 

1,040.13-1.000 


Total above elevation 1 


Total above elevation \ 


Total above elevation S 


Total above elevation S 


Total above elevation ? 


20X19.87 
20X40.13 
40.13 X (28.09/2) 


48.00X50 
(35/2) X50 


83.00X50 
(35/2) X50 


118.09X50 
(35/2) X50 
(5/2) X25 


158.09X50 
(35/2) X 50 
<10/2)X50 


397.4 25.00 9.935 

802.6 25.00 20,065 

563.6 44.36 25,001 

1,763.6 1 31.19 55,001 

2.404.5 39.05 93,896 

875.0 74.76 65,415 

5,043.1 1 42.50 214,312 

4.154.5 56.55 234,937 

875.0 109.76 96,040 

10, 073 l 54. 13 545, 289 

5.904.5 74.05 437,228 

875.0 144.76 126,665 

62. 5 13.33 833 

16,915 1 65. 52 1,110*015 

7,905.0 89.05 703,940 

875.0 179.76 157,290 

250.0 6. 67 1,668 

25,945 1 76. 'OS 1, 972,913 


* Arm X of the resultant weight above any elevation equals the summation of the moments (AXX) 
divided by the total area above the elevation since the section is of unit thickness. 

Eor these calculations the reference line for moments is taken 15 feet upstream from the axis of the dam . 
Concrete weights are for a section 1 foot thick. . . , . _ 

Eccentricity e is the distance from the center of the base to the point where the resultant acts. 
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Table 105. — Abutment section — stresses — reservoir empty — without earthquake effect 


Eleva- 

tion 

V 

Lb. 

b 

Ft. 

e 

Ft. 

V 

144 b 

! 

6£ 

b 

-S«« 1 

Lb./sq. 
in. 

Stress 
parallel 
to up- 
stream 
face 

Spa, 

Sad 

Ttb./sq. 

in. 

Stress 
parallel 
to down- 
stream 
face 

Spd 

1.000 

264, 540 

48.09 

7. 86 

38.2 

0.981 

+75.7 

+75. 7 

+0.7 

+1* 0- 

950 

756, 465 

S3. 09 

14. 05 

63.2 

1.015 i 

+ 127.3 

+127.3 

-.9 

—1.3 

900 ! 

1, 510, 950 

118.09 

19.92 

88.9 

1. 012 

+178.7 

+178.7 

-1.1 

-1.6 

850 ! 

2, 537, 250 

158.09 

23.43 

111.5 

.889 

+210.6 

+219. 0 

+ 12.4 

+ 18.4 

800 

3, 891, 750 

203.09 

25.47 

133. 1 

.752 

+233. 2 

+242. 5 

+33.0 

+49. 2 


Table 106. — Abutment section — stresses — reservoir elevation 1,052.0 — without earth- 
quake effect 

UPSTREAM FACE 


Elevation 

Vertical stresses (lb./sq. in.) due to — 

Cone. 

weight 

Total 

vertical 

stress 

Stress 
parallel 
to face 

Reservoir water pressure 

Tail water pressure 

Hor. 

Vert. 

Mom. 

Hor. 

Vert. 

Mom. 

1,000 

-26.4 

0 

0 

0 

0 

0 

+75.7 

_ 

[-49. 3 

+49.3 

950 

-66.7 

0 

0 

0 

0 

0 

! +127.3 

- 

-60.6 

+60.6 

900 

-109.3 

0 

0 

0 

0 

0 

+178.7 

- 

-69.4 

+69.4 

850 

— 143. 1 

+2.6 

+7.5 

0 

0 

0 

+210.6 

- 

-77.6 

+80.7 

800 — 

-168.4 

+6.9 

| + 19- 1 

+1.1 

+1.7 

-4.4 

+233.2 

~ 

[-89. 2 

+92.7 


DOWNSTREAM FACE 


1,000 

+26.4 

0 

0 

0 

0 

0 

+0.7 

+27. 1 

950 

+66.7 

O 

0 

0 

0 

0 

-.9 

+65.8 

900 

+109.3 

0 

0 

0 

0 

0 

— 1.1 

+108.2 

850 

+143. 1 

+2.6 

—7. 5 

0 

0 

0 

+12.4 | 

+150. 6 

800 

+168.4 

+6.9 

-19.1 

-I. 1 

+1.7 

+4.4 

+33. 0 

+194. 2 


+40.4 
+98.1 
+161. 3 
+224. 1 
+289.5 


Table 107 . — Abutment section — eccentricity of resultant water and dead loads — reservoir 
elevation 1,052,0 — without earthquake effect 


Elevation 

Summation M \ 
(ft.-lb.) 

Summation W 
(lb.) j 

Eccentricity 

(ft.) 

1,000 

+615,600 
—425,920 
-6,483.220 
-21,889,440 
—51, 873, 420 

264,640 
756,465 
1,510,950 
2, 596, 310 
4, 141, 160 

+2. 33 
— . 56 
-4. 29 
—8. 43 
-12. 53 

950. 

900 - - - - 

850 

800 




In the above table moments are considered plus (-f-) when acting counter- 
clockwise and minus ( — ) when acting clockwise. The eccentricity of the result- 
ant forces is plus ( 4 -) when the resultant intersects the base upstream from 
the center of the hase and minus ( — ) when the intersection is downstream 
from the center of the base. 

An example of the calculation of the eccentricity at elevation 800 is as follows : 


Foot-pounds 

Moment due to concrete weight, 3,891,750 X25.47 +99, 122,870 

Moment due to vertical water load on upstream face. 

15X62.5X214.5X94.47 997 , 260 

Moment due to vertical tail water load. 

(32.9X62.5X47) <90.58) ' —4,376,990 

Moment due to horizontal water load upstream, 

% (62.5) (252)*X*4 ( 252 ) —166,698,050 
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Moment due to horizontal tail water load. Foot-pound * 

J .s (62.5) (4T) 2 Xi 3 (47) +1, 081, 490 


Total moment = summation If — 51,873,420 

Poun (1ft 

Bead weight of concrete 3 , S91, 750 

Bead weight of water — upstream face 15 X 62.5X214.5 I~„I ’201,’ 094 

Bead weight of water — tail water U (32.9 x 62.5 X47) 48,320 


Total dead weight= summation 
—51,873,420 


Eccentricity equals - 


4,141,160 


=—12.53 feet. 


4, 141, 190 


Table 108. — -Abutment section — horizontal shear stresses — reservoir elevation 1 % 052*0 — 

without earthquake effect 


1 , 000 . 
■ 950 ... 
“900— 

850.. . 

800.. , 


Horizontal shear 


Elevation 



S,i 

■P- 

Pd 


' 



| 

Up* 

stream 

Down- 

stream 

0 ) 

4 49.3 

(0 

+27.1 

22.6 

0 

0 

+19.0 

+60.6 

+65.8 

44.3 

0 

0 

+46. 2 

+69.4 

+108.2 | 

66.0 

| 0 

0 

+75.8 

+77.6 

+150.6 

88.7 

0 

2.2 

+105. 4 

+89. 2 

: 

+294.2 

109.4 

20.4 

4.0 

+121. 4 


i From table 106. 


Table 109. — Abutment section — sliding factors— reservoir elevation 1,052.0 — without 

ear 


Elevation 

Horizontal 

force 

W eight 

1 

j Uplift 

Sliding 

factor 

1,000 - 

84,500 
325,125 
722,000 
1, 275, 125 
1, 915,470 

264,540 

756,465 

1, 51 a 950 

2, 596, 310 
4, 141, 160 

-52,100 
-176,565 
—373,960 
—665,290 
-1, 265, 110 

0. 398 

050 

. 561 

900 

. 635 

850 _ . ___ 

. 660 

800 

! - 666 



Table 110. — Abutment section — eccentricity resultant of water and dead loads and uplift- 
reservoir elevation 1,052.0 — without earthquake effect 


Elevation 

Summation M 
(ft.-lb.) 

Summation 
W Ob.) 

Eccentric- 
ity (ft.) 

1,000 

+197, 160 
-2,871, 345 
-13, 842, 750 
-39,419,830 

212,440 

+0.9 

950 

579,900 

-5.0 

900 - 

1,136,990 

—12:2 

850 - 

1,931,020 

—20.4 

800 

-81, 052, 160 

2,876,050 

-28.2 




Table 111. — Abutment section — shear-friction factors of safety — reservoir elevation 
1,052.0 — without earthquake effect 


Elevation: 
1 , 000 _ 
950- 
900- 
850 _ 
800- 


Fedor of safety 

34. 4 

15.9 
10.4 
8.1 
7. 1 


Values for weight, uplift, and horizontal force are taken from table 109. 
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Table 112. — Spilhvay section — computations of concrete weights , moments, and eccen- 
tricity — without earthquake effect 


Elevation 

Area A 
Sq. ft. 

Arm X 
Ft. 

Moment 

A XX 

: Concrete 
, ‘ weight 
[ AX150 

Lb. 

Eccen-' 1 . 
tricity e 


51.58 

20.11 

1,037 



•R 7.33X8.75 * _ 

04. 14 

26. 34 

1,689 




17.23 

25. 11 

433 



x> 3 1416X(9 4 5 

42.72 

27.40 

1, 170 



J5 1 75X53 f> 

92.75 

41.50 

3, 849 



V fl fl7 Vfi A7V U 

22.24 

42.45 

944 



(7 *>. 33 VI 4.75 

34. 37 

45- 84 

1,576 



TT 14 7*iXlfl 75X34 

145.65 

53. 58 

7,804 



T 24 OVi 0X2/3 ( A ppj 

16.00 

56.70 

907 




20.33 

37. 48 

760 



Total above elevation 1 ,000 s - - - 

507.01 

39.76 

20, 170 

76, 050 

1.94- 

1,606-050* 53.77X12.9 

758.13 

44. 39 

33, 650 



77 12X37 1 

2,861. 15 

53. 56 

153, 240 



14.0X0.3X2/3 

2.80 

73. 50 

200 

u 


Total above elevation 950* 

4, 129. 09 

50.29 

207, 260 

619,~360” 

9.88 

950-900: 90.00X50 

4, 504. 5 

60. 04 

270, 050 



35.00X50/2 

875-0 

116. 75 

102, 156 



Total above elevation 900 3 — 

9,508-6 

60. 94 

579, 470 

1, 426, 290 

16.61 

900-350: 125.09X50 

6,254.5 

77. 54 

484, 970 



*35.00X50/2 

875.0 

151. 76 

132, 790 



5.00X25/2 

62-5 

13. 34 

830 



Total above elevation 850 3 

16,700.6 

71.74 

1, 198, 060 

2, 505, 090 

20.81 

850-800: 165.09X50 - 

8,254. 5 

92.54 

763, 871 



35.00X50/2 _ 

875. 0 

186. 76 

163, 415 



10-00X50/2. 

250. 0 

6.67 

1,668 



Total above elevation 800 3 

26,080.0 

81. 56 

2, 127, 010 

3, 912, 000 

23.48 


* See table 104. 

* Gates are assumed at 3,050 pounds per foot of spillway acting 22.48 feet downstream from the upstream 
face of the dam — equivalent area of concrete, i. e., 3,050/150=20.33. 

* Each portion was divided into smaller parts and each part computed separately. 


Table 113 . — Spilhvay section — computations of water load and moments above elevation 
1,000 — reservoir eieoation 1,052.0 — without earthquake effect 



Area A 
Sq.ft. 

Arm X 
Ft. 

AXX j 

AX62.5 

Lb. 

A. 15^X32_. _ _ 

496.0 
122.3 
82.8 
9L3 
136.9 
83.1 
1, 012.4 

7.75 
20.21 
18. 64 
3.33 
19.25 
26. 17 
12,83 

3,840 
2,474 
1,540 
304 
2, 640 
2,175 
12,973 


B. 9.41X13 


C. 9.41X17.6/2 


D. 10X18.25/2 


E. 7J5X1&25 


F. 17AX0A/2. 



63, 275 


Aim X is the distance from the upstream face to the center of gravity of the area. 


Table 114. — Spillway section — stresses — reservoir empty — without earthquake effect 


Elevation 

v 

Lb. 

b 

Ft. 

e 

Ft. 

V 

1445 

6e 

5 

Lbjscp in. 

Stress 
parallel 
to up- 
stream 
face 

s* d 

Lb./sq. in. 

Stress 
parallel 
to down- 
stream 
face 

1.000-- 

SfflO. 

a®® _ 

meso 

610,360 
1,426,290 
2,505,090 
3, 912, 000 

53.40 

9&.W 

125.09 

165.09 
met 09 

1.94 
9. 86 
16.61 
2a 81 

23.48 

9.89 

47.74 

79.18 

105.38 

129-31 

a 218 

.657 

.797 

.756 

.671 

+12.0 
+79.1 
+142:3 
+185. 0 
+216. 1 

+12.0 

+79.1 

+142.3 

+19214 

+224.7 

+7.7 

+16.4 

+1&I 

+25.7 

+12.5 

+15,7 
i +24.4 

! +24.0 

! +38.3 

+63.3 
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1 able 115. Spillway section — stresses — reservoir elevation 1,052.0 — without earth- 
quake effect 

UPSTREAM FACE 




Vertical stresses Qb. per sq. in.) due to — 


1 



Elevation 

Reservoir water pressure 

l 

Tail water pressure 

Concrete 
j weight 

Total 

vertical 

stress 

; Stress 
parallel 

J to face 


| Hor. 

| Vert. ; 

Mom. 

Hor. 

j Vert. 

Mom. 

i 

1,000 

950 

900 

850 

800— 

-15.4 
-52.1 
| -93.7 

— 128.3 
-155.1 

+8.2 ' 
-m.9 : 
+3.5 
+5.2 | 

1 +8 ' 7 ] 

+12.8 

+10.5 

+8.4 

+13.5 

+23.2 

0 

0 

0 

0 

+1.0 

0 

0 

0 

0 

+1.6 

0 

0 

0 

0 

-4,1 

. 

; + 12.0 

| +79.1 

i +142.3 

1 +185. 0 
; +2i6. i 

+17.6 | 
1 +42. 4 

+60.5 » 
+75.4 | 
+91.4 

+ 37.6 
+42.4 
+60.5 
+78.4 
+95.0 


DOWNSTREAM FACE 


1,000 

+15.4 

4-8.2 

-12.8 

0 

0 

0 j 

+7.7 

+18.5 

+37.7 

9k) 

+52.1 

+4.9 

—10.5 

0 

0 

0 

+ 16.4 

+62 9 

+93.7 

900 

+93.7 

+3.5 

-8.4 

0 

0 

0 

+ 16.1 

+104.9 

+156.3 

850 

+128. 3 

1 +5.2 

—13.5 

0 

0 

0 

+25.7 

+145. 7 

+217. 0 

800 

+155.1 

+8.7 

—23.2 

—1.0 

+1.6 

+4.1 

+42.5 

+187. 8 

+280.0 


Table 116- — Spillway section — eccentricity of resultant water and dead loads — reservoir 
elevation 1,052.0 — without earthquake effect 


Elevation 


1 , 000 - 

950— 

900— 

S50 

800 


Summation M 
(ft.-lb.) 

Summation 
W{ lb.) 

Eccentricity 

(ft.) 

-34,490 

139, 325 

—0.25 

-1,997,400 

682,635 

—2.93 

-8, 177,450 

1, 489, 565 

—5. 49 

—23,093,500 

2,626,021 

—8.79 

—50,649,350 

4, 233, 940 

-11.96 


Eccentricity is minus (— ) as measured downstream from the center of the base investigated. 

Table 117. — Spillway section — horizontal shear stresses — reservoir elevation 1,052.0 — 

without earthquake effect 


Elevation 

S-. 

Sri 

P. 

Pd 

Horizontal shear 
stresses 

Upstream 

Down- 

stream 

1,000 - _ 

0) 

+17.6 
+42.4 
+60.5 
+75.4 
! +91.4 

0) 

+18.5 

+62.9 

+104.9 

+145.7 

+187.8 

22.6 

44.3 

66.0 

88.7 

109.4 

0 

0 

0 

0 

20.4 


18.2 

44.0 

73.4 

102.0 

116.9 

950 


900 


850 

2.6 

3.6 

800. 



i From table 115. 


Table 118. — Spillway section — sliding factors — reservoir elevation 1,052.0 — without 

earthquake effect 


Elevation 


1 , 000 .. 

950 

900 

850.. .. 

800.. . 


Horizontal 

force 

Weight 

Uplift 

Sliding fac- 
tor 

74,375 

139,325 

—57,850 

U 913 

315,000 

682,635 

-191,440 

.640 

711,875 

1,489, 565 

-396,120 

.651 

1, 265, 000 

2,626,021 

-694,750 

.655 

1,905,340 

4,223,940 

—1,308,680 

.653 
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Table 119 - — Spillway section — eccentricity of resultant water and dead loads and up 
lift — reservoir elevation 1,052.0 — without earthquake effect 


Elevation 

Summation M 
(ft. -lb.) 

Summation 
W (lb.) 

Eccentric- 
ity (ft.) 


-549, 355 

81,475 

-6.74 


-4,872,800 

491, 195 

-9.92 

900 

-16,436,550 

1,093,445 

-15.01 

850 ~j 

-42,213, 000 

1, 931, 271 

— 21.8 > 

800 

-82, 057, 670 

2, 915, 260 

-28. 2i; 


Table 120. — Spillway section — shear -friction factors of safety — reservoir elevation 
1,520.0 — without earthquake effect 

Elevation: Facior of safety 

1,000 - 42.07 

950 17.49 

900 11. 12 

850 8. 51 

800 7. 35 

Table 121. — Abutment section — stresses — reservoir elevation 1,034.0 — without earth 

quake effect 

UPSTREAM PACE 



Hor. 

1,000 ; 

—7.4 

950 i 

—37.3 

900 | 

—74.9 

850. 

-108.2 

800 

-134.8 


Vertical stresses Ob. per sq. in.) due to — 

CrmerfttP Total Stress 

Reservoir water pressure Tail water pressure vertical parallel 

weignt stregs tQface 

Hot. 1 Vert. Mom. Hor. I Vert. Mom. 


+233.2 +121.3 



+7.4 0 

+37.3 0 

+74.9 0 

+106.2 +2.4 

+134.8 +6.3 



Table 122 . — Abutment section — eccentricity of resultant water and dead loads — reservoir 
elevation 1,034.0 — without earthquake effect 


+1, 669,870 
+4, 454,300 
+5,034,500 
—3.340,500 
-18,777,000 



1 , 000 -. 

980 

90© 
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Table 123. — Abutment section- — horizontal shear stresses — reservoir elevation 1*034.0 — 
ivithout earthquake effect 


Horizontal stress 


Elevation 

S.« 

i 

S,d 

Pu 

Pd 

IT pstream 

Down- 

stream 

1,000 - 

(*> 

+68.3 

0) 

+S.1 

14.8 

\ 

0 

0 

+5.7 

950 - 

+90.0 

+36.4 

36.5 

0 I 

0 

+25. 4 

900 - 

+103.8 

+73. 8 

58.1 j 

o i 

0 

+51.7 

S50 

+111.7 

+116. 1 ! 

79.9 

0 

-6.4 : 

+81.3 


+125.1 1 

+155.7 

101.6 

13.0 

~ 4 7 ! 

+100.0 


i From table 121. 


Table 124 . — Abutment section — sliding factors — reservoir elevation 1*034.0 — ivithout 

earthquake effect 


1,00 

950. 

900. 

850. 

800 . 


Elevation 


Horizontal 

force 

W eight 

Uplift 

Sliding 

factor 

36, 125 

264, 540 

34,060 

0. 157 

220,500 

756,470 

145,380 

.361 

561,125 

1, 510.950 

329, 615 

.475 

1,058,000 

2, 590,800 

605,900 

.533 

1,683,000 

4, 095,700 

1, 116,800 

.565 


Table 125. — Abutment section. — shear-friction factors of safety — reservoir elevation 
1*034.0 — without earthquake effect 

Elevation : Factor of safety 

1,000 80.8 

950 23.5 

900 13.5 

850 9. 9 

800 8. 1 

Table 126. — Abutment section — computations of moments and eccentricity — with earth- 
quake effect 


Elevation 

Area A 

Arm X 

Moment 

1,060-1,040.13 

397.4 

50. 

07 

19,898 

1,040.13-1,000 

802.6 

20. 

07 

16, 10S 

563.6 

13. 

38 

7,541 

Total above elevation 1,000_ 

1, 763. 6 

24. 

69 

43, 547 


1, 763. 6 

74. 

69 

131,723 

1,000-950 

2, 404.5 

25. 

00 

60, 113 


875.0 

16. 

67 

14,586 

Total above elevation 95G_ 

5,043.1 

40. 

93 

206,422 


5,043.1 

90. 

93 

458, 570 

950-900 

4, 154. 5 

25. 

00 

103,863 


875.0 

16. 

67 

14.586 

Total above elevation 900_ 

10,073 

57. 

28 

577, 019 


10, 073. C 

107. 

28 

1,080,630 

900-S50 

5,904 5 

25. 

00 

147, 610 


875.0 

16. 

67 

14,586 


62.5 

8. 

33 

520 

Total above elevation 850 _ 

16, 915 

73. 

51 

1,243,346 


16, 915 

123. 

51 

2, 089, 170 

850-800 

7,905 

25. 

00 

197,630 


j 875 

16. 

67 

14,590 


250 

16. 

67 

4, 170 

Total above elevation 800- 

25,945 

SS. 

95 

2, 305, 560 


Mb 


+653, 150 


+3, 096, 200 


+8, 654, 700 


+18, 651,000 


+34, 617, 000 


Mv+Ms 


Eccen- 

tricity 


+2,732,450 


+10. 33 


+13,724,500 


+18. 14 


+38, 752, 700 


+25.65 


+78, 099,000 


+30.78 


+133,740,000 


+34. 37 


.Area A from table 104. , , x , 

Arm X is vertical distance front the center of gravity of the area to the base being investigated. 
Mm—V times arm X. 

Eccentricity— (Mv+Mx)J V. 

Mr *■ Ve (Values of V and < from table 105). 
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Table 127. — Abutment section — stresses — reservoir empty — with earthquake effect 


Elevation 

V 

Lb. 

b 

Ft. 

SB 

Ft. 

V 

\ 1446 

€es 

b 

Si*B 

Lb./sq. in. 

Stress 
parallel to 
upstream 
face 
SpitB 

1 

S,dB 

Lb./sq. in. i 

Stress 
parallel to 
down- 
stream 
face 
SpdB 

1,000 

264,540 

48.09 

10.33 

38.2 

1.289 


+87.4 


+87.4 

-11.0 

-16,4 

950 

756,465 

83.09 

18.14 

63.2 

1.310 

4 

-146. 0 

- 

-146.0 

-19.6 

-29.2 

900 

1,510, 950 

118.09 

25. 65 

88.9 

1.303 

-i 

-204.7 

- 

-204.7 

-26.9 

-40.1 

850 

2,537,250 

158.09 

30. 78 

111.5 

1.168 


-241.7 

- 

-251.4 

-18.7 

-27.9 

800—. ‘ 

3,891,750 

203.09 

34. 37 

133.1 

1.015 

H 

+268. 2 


+278. 9 

-2.0 

-3.0 


Table 128 . — Abutment section — shear stresses on horizontal plane — reservoir empty — 
with and without earthquake effect 


Elevation 

Upstream face 

Downstream face 

Without 

earthquake 

With 

earthquake 

Without 

earthquake 

With 

earthquake 

1,000 .... 

0 

0 

0 

-42.1 

-46.6 

0 

0 

0 

-48.3 

-53.6 

+0.5 

-.6 

-.8 

+8.7 

+23.1 

-7.7 

-13.7 

-18.8 

-13.1 

-1.4 

950 _ 

900 

850 

800 . 



Table 129. — Abutment section — stresses — reservoir elevation 1,034.0 — with earthquake 

effect 


Eleva- 

tion 

t 

i 

V 

1446 

M 

Mb 


Summation 

M 

StnJB 

Stress 
parallel 
to up- 
stream 
face 

S*ds 

Stress 

parallel 

to 

down- 

stream 

face 

1,000 

950 

900 

850 

S0G_. 

38.2 

63.2 
88.9 

113.8 

140.0 

+1,669,870 

+4,454,300 

+5,034,500 

-1,340,500 

-18,777,000 

—653,150 
—3,096,200 
-8,654,700 
-18, 651,000 
-34,617,000 

-143,180 
-1,371,400 
-4,413,400 
-9,750,800 
-17,821,000 | 

+873,540 

-13,300 

-8,033,600 

-29,742,300 

-71,215,000 

+53.9 

+63.1 

+64.9 

+64.2 

+68.1 

+53.9 

+63.1 

+64.9 

+66.8 

+70.8 

+22.5 

+63.3 

+112.9 

+163.4 

+211.9 

+33.5 

+94.3 

+168.3 

+243.5 

+315.8 

: 


Table 130 . — Abutment section — eccentricity of resultant water , dead, and earthquake 
loads — reservoir elevation 1,034.0 


Elevation 

! ] 

Summation M 
(ft.-lb.) 

Summation V 
Ob.) 


1,600. .... 

+873,540 

-13,300 

-8,033,600 

-29,742,300 

-71,215,000 

264,540 

756,470 

1,510,950 

2,590,800 

4,095,700 

+3.30 

-.02 

-5.32 

—11.4® 

-17.39 

950. 

990 

s»®_ 

800... 
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Table 131 . — Abutment section — horizontal shear stresses — reservoir elevation 1,034.0 — 

icith earthquake effect 


Horizontal shear 
stresses 


Elevation S\ a s 

i 

i 

| 

-S.ajJ 

P.x 

9» 

Up- 

stream 

Down- 

stream 

; 0) 

1.000. .. 53.9 

950.. - 63.1 

900. ! 64.9 ! 

850 - ! 64.2 

SOQ - - — i 68.1 ; 

* (0 1 

22. 5 | 
63.3 ! 

112.9 i 
163.4 | 

211.9 j 

18.0 

41.6 

64.5 

87.4 

109.8 

0 

0 

0 

0 

13.0 

0 

0 

0 

+4.6 
+8.3 I 

+15. 7 
+44.3 
+79.0 
+114. 4 
+139.3 


i From table 129. 


Table 132 . — Abutment section — horizontal forces — reservoir elevation 1,034.0 — with 

earthquake effect 


Elevation 

Horizontal 

water 

G 

JPa-g 

Total 

1,000 . 

36, 125 
220,500 
561, 125 

26,454 
75, 647 
151, 095 

10, 521 
40,853 
82, 310 
132, 450 

1 193,000 

73, 100 
337,000 
794,530 
1, 444, 175 
2, 265, 175 

950 

900 

S5Q 

1,058,000 
1, 683,000 

253,725 

389,175 

SOQ 


i Includes 3,050 pounds for F„g due to tail water inertia. 

G= Horizontal inertia force of concrete =KV. 

Horizontal inertia force of water = 0£) CKh-f zh. 

Table 133 . — Abutment section — sliding factors — reservoir elevation 1,034.0 — tvith earth- 
quake effect 

Elevation 

Horizontal 

force 

Weight 

Uplift 

Sliding 

factor 

1,000 

73,100 

337,000 

264,540 

756,470 

1,510,950 

34,060 

145,380 

0.317 

950. 

.551 

900 

794; 530 

1, 444, 175 

329; 615 

.673 

850 

2, 590, 800 

4, 095, 700 

605,900 

.728 

800 

2, 265i 175 

1 , lie; 800 

.760 



Table 134. — Abutment section — shear-friction factors of safety — reservoir elevation 
1,034.0 — with earthquake effect 

Elevation: Factor of safety 


1 , 000 . 
950_- 
900_ _ 
850__ 
800 _ _ 


39.9 
15.4 
9. 5 
7.2 
6.0 


Table 135. — Spillway section — computations of ivater load and moments above elevation 
1,000 — reservoir elevation 1,034.0 — without earthquake effect 



Area A 
Sq.ft. 

Arm X 
Ft. 

AXX 

AX02.5 

Jib. 

14.0X15-5— — 

217.0 

7.75 

1, 682 


9-41VT4 fl/2 

65.8 

1&64 

1,228 


10X18.25/2 ___ 

91.3 

3,33 

304 


7.5X18.25 

136.9 

19.25 

2,635 


18.25X9.5/2 

86.7 

26.17 

2,269 


Total 

597.7 

13.58 

8,118 

37,400- 
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Table 136 - — Spillway section — stresses — reservoir elevation 1*034.0 — without earthquake 

effect 


UPSTREAM FACE 



Vertical stresses (lb./sq. in.) due to — 

Vertical 



Elevation 

Reservoir water pressure 

Tail water pressure 

stresses 
due to 
concrete 

Total 

vertical 

stress 

Stress 
parallel 
to face 


Hor. 

Vert. 

Mom. 

Hor. 

Vert. 

Mom. 

weight i 



1,000 

950 — 

900 

- 6.0 
-31.7 
— 66 - 7 

+4.9 

+2.9 

+ 2.1 

+-7.2 

+ 6.1 

+4.9 




+ 12.0 
+79. 1 
+142. 3 

+18.1 

+56.4 

+82.6 

+18.1 

+56.4 

+82.6 

850 

—90.2 

+3.9 

+ 10.3 




+185. 0 

+ 100 . 0 

+104. 0 

800 

-126.0 

+7.3 

+ 20.8 

+6.3 

+0.7 

- 1.8 

+216. 1 

+117. 4 

+ 122. 0 


DOWNSTREAM FACE 




1,000 

950._ 

900 

850 - 

800__ 

+ 6.0 

+31.7 

+66.7 

+99.2 

+126.0 

+4.9 

+2.9 

+ 2.1 

+3.9 

+7.3 

—7.2 
— 6 . 1 
—4.9 
—10.3 
- 20.8 

; 

-0.3 

+0.7 

+ 1.8 

+7.7 
+16.4 
+16.1 
+25.7 
+42. 5 

+11.4 
+44.9 
+80.0 
+118. 5 
+157. 2 

+23.2 
+67.0 
+119. 2 
+176. 5 
+235.0 


1 See table 1X4. 


Table 137 . — Spillway section — eccentricity of resultant water and dead loads — reservoir 
elevation 1*034.0 — without earthquake effect 


Elevation 

Summation JWf 
(ft.-lb.) 

Summation 
V (lb.) 

Eccen- 
tricity (ft.) 

1,000 

+230,500 

113,450 

+2.03 


+1, 118, 000 

656, 760 

+1. 70 

900 

+430, 000 

1,463,690 

+.29 


—5,910,000 

2, 596, 090 

-2.28 


-21,761,000 

4, 153, 100 

-5.25 


Table 138 . — Spillway section — horizontal shear stresses — reservoir elevation 1*034.0 — 

without earthquake effect 







Horizontal shear 
stress 





JPd 

Up- 

stream 

Down- 
! stream 

1,000 

(!) 

18.1 

C 1 ) 

11.4 

14.8 

0 

0 

+ 11.0 

960 

56.4 

44.9 

36.5 

0 

0 

+31.6 

900 

82.6 

80.0 

58.1 

0 

0 

+56.0 

850 

100.0 

118.5 

79.9 

0 

—4.0 

+83.0 

soo 

117.4 

157.2 

101.3 

13.0 

—3.3 

; 

+ 101.0 

! 


1 From table 136. 


Table 139 . — Spillway section — sliding factors — reservoir elevation 1*034,0 — without 

earthquake effect 


Elevation 

Horizontal 

force 

Weight 

Uplift 

Sliding 

factor 

1,009 

36, 125 

113 450 

37 830 

0 4 77 

MOL 

220, 500 

656,760 

157 660 

.441 

AM. " _ 

56l\ 125 

1,463^690 

9AQ* OfiA 

1 504 

as®. 

1,058, 000 

2 . soft nan ' 

OrXSff *W/U 

1 539 

mx 

1^083 000 

4 tKSt inn 

IIUV 

. 562 



*Wj ivu 

if J-CH), wU 
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Table 140 . — Spillway section — eccentricity - of resultant water and dead loads and uplift 
— reservoir elevation 1,034.0 — without earthquake effect 


Elevation 

Summation M \ Summation 
■ (ft.-lb.) j loads (lb.) 

Eccen- 
tricity (ft.) 

1.000 - 

950 | 

-106,000 
-1,247,000 
-6,850,000 
-23,310,000 
—55, 359. 800 

75,620 
499, 10Q 
1, 114, 430 

1, 963, 190 

2, 997, 500 

-1.42 
—2.50 
—6. 15 
-11.85 
-18. 42 






Table 141. — Spillway' section — shear-friction factors of safety — reservoir elevation 
1,034.0 — without earthquake effect 

Elevation : Factor of safety 


1,000 
950-- 
900-_ 
850-_ 
800 __ 


86.5 
25. 0 
14. 1 
10. 2 
8. 3 


Table 142 . — Spillway section — computations of moments and eccentricity — with earth- 
quake effect 


Elevation 

Area A 

Arm X 

Moment 

1 020-1,000 ___ 

A 51. 58 

6.23 

321 


B 64.14 

6. 12 

393 


C 17.23 

12. 07 

208 


D 42. 72 

16.00 

684 


'E 92. 75 

.87 

81 


F 22.24 

3. 97 

88 


G 34. 37 

9. 12 

313 


H 145.65 

6.66 

970 


I 16.00 

9.50 

152 


20.33 

24.00 

488 

Total above elevation 1,000 — 

507.01 

7.30 

3,698 

1,000-950 — - 

507.01 

57. 30 

29,050 


758. 13 

43. 35 

32,865 


2, 861. 15 

17.50 

50,080 


2.80 

44.50 

125 

Total above elevation 950 

4, 129. 09 

27.20 

112,120 

950-900 _ 

4, 129. 09 

77.20 

319,000 . 


4,504.5 

25.00 

112,600 . 


875.0 

16.66 

14,580 . 

Total above elevation 900 

9, 508. 6 

46.84 

446, 180 


9,508.6 

96.84 

920,800 . 


6. 254. 5 

25.00 

156,360 . 


875. 0 

16.66 

14,580 . 


62.5 

8.33 

520 , 

Total above elevation 850 

16, 700. 6 

65.40 

1,092,260 

850-800 

16, 700. 6 

115.40 

1,927,400 


8,254.5 

25.00 

206,400 


875.0 

16.66 

14,600 


250.0 

16.66 

4,200 

Total above elevation 800 

i 

26,080.0 

82.54 

2,152,600 


Ms 

Mr 4- Ms 

Eccen- 

tricity 































+55,500 

+203.000 

+2 67 










+-1,682,000 

+7,782,000 

+12.57 







+6,700,000 

+30,400,000 

+21.29 










+16,383,300 

+68,514,000 

+27.35 










+32,289,000 

+124, 143,000 

' +31.73 


i Gates are assumed at 3,050 pounds per foot of spillway. Equivalent area of concrete, I. e., 3,050/150= 
20.33. 


Area A from table 112. 

Arm X is vertical distance from the center of gravity of the area to the base being investigated. 
Ms— V times Arm X. 

Eccentricity = ( M w-i-Mg)l V. ... 

Mr— Vt (values of V and e from table 114). 
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Table 143 . — Spillway section — stresses — reservoir empty — with earthquake effect 


Elevation 

V 

Lb. 

b 

Ft. 

eg 

Ft. 

V 

144 b 

b 

\ 

! 

SrB 

Lb./sq. in. 

Stress 
parallel 
to up- 
stream 
face 

S,ix | 
Lb./sq. in. 

Stress 
parallel 
to down- 
stream 
face 

1,000 ' 

76,050 

53.40 

2.67 

9.89 

0. 30 

4-12.8 

4-12.8 

4-7.0 i 

+14.3 

950 

619,360 

90.09 

12.57 

47.74 

.837 

4-87.7 

4-87.7 

4-7.8 

+11.6 

900 

1,426,390 

125. 09 

21.29 

79.18 

1. 021 

4-160.0 

4-160. 0 

-1.6 

-2.4 

850 

2,505,090 

165.09 

27.35 

105.38 

.994 

4-210. 1 

4-218. 5 

4-0.6 

+0.9 

800 

3,912,000 

210.09 

31.73 

129.31 

.906 

4-246.5 

4-256.4 

4-12.2 

+18.2 


Table 144 . — Spillway section — shear stresses on horizontal plane — reservoir empty — 
with and without earthquake effect 


Elevation 

Upstream face 

Downstream face 

Without 

earthquake 

With 

earthquake 

Without 

earthquake 

With 

earthquake 

1,000 «. — 

0 

0 

0 

-37. 0 j 
-43.2 

0 

0 

0 

-42.0 

-49.3 

+7.5 

+11.5 

+11.3 

+18.0 

+29.8 

+6.8 

+5.4 

-1.1 

+.4 

+8.5 

950 

900. _ 

850 

800. 



Table *145 - — Spillway section — stresses — reservoir elevation 1,034.0 — with earthquake 

effect 


Eleva- 

tion 

W 

1446 

1 

! 

AT i 

Ms 

: 

M v s 

Summation 

M 

SiuS 

Stress 
parallel 
to up- 
stream 
face ■ 

SzdE 

Stress 

parallel 

to 

down- 

stream 

face 

1,000 

14.75 

+230,500 

-55,500 

-143,020 

+31,980 

+15.2 

+35.2 

+14.3 

+29.1 

950 

50.7 

+1,118,000 

-1,682,000 

-1,371,400 

-1,935,400 

+40.7 

+40.7 

+60.8 

490.6 

900 

81.1 

+430,000 

-6,700,000 

-4,413,400 

-10,683,400 

+52.7 

+52.7 

+109.7 

+163.5 

950. 

109.1 

-5,910,000 

-16,383,300 

-9,750,800 j 

-32, 043,800 

+60.0 

+62.4 

+158.5 

+236.2 

800. 

137.2 

-21,761,000 

-32, 289,000 

-17,821,000 

-71,871,000 

+69.3 

+72.0 

+205.0 

+305.5 


Table 146 . — Spilhcay section — eccentricity of resultant water , dead , and earthquake 
loads — reservoir elevation 1,034.0 


Elevation 

1 

Summation M 
(ft.-lb.) 

Summation 
loads (lb.) 

Eccentric- 
ity (ft.) 

1,000 

+31, 980 
-1,935, 400 
-10,683.400 
-32,043, 800 
-71,871,000 

113,450 
656,760 
1,463,690 
2,596,090 
4, 153, 100 

+0,28 

-2.95 

-7.3 

-12.33 

-37.3 

950 

900 

850 . 

800 
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Table 147. Spillway section — horizontal shear stresses — reservoir elevation 1,034.0 — 

uitk earthquake effect 


Elevation 


Horizontal shear 
stress 


S,dB 


PuS 


PdK 


1,000 

950.. 

900- 

S50- 

S00- 


i From table 145. 


Upstream; 


Down- 

stream 


C 1 ) 

(0 


i 

i 

+15.2 

+14. 3 

18.0 

0 

0 

+40.7 

+60.3 

41.6 

0 

0 

+52.7 

+109.7 

64.5 

0 

0 

+60.0 

+158.5 

87.4 

0 

+5. 5 

+68.3 

+205.0 

109.8 

13.0 

+8.3 


4-14.0 
f 42.5 
4-76. S 
4-111.0 
4-134.5 


Table 148. — Spillway section — sliding factors — reservoir elevation 1,034.0 — with earth 

quake effect 


Elevation 

Horizontal 

force 

Weight 

j Uplift 

Sliding 

factor 

1,000 

54, 251 
323,300 
786,060 
1,441,000 
2,267,200 

113,450 
656,760 
1,463,690 i 
2,596,000 ! 
4,153,100 j 

37,830 

157,660 

349,260 

632,900 

1, 155,600 

6.717 

.048 

.706 

.735 

.757 

950— . 

900- 

850— 

800 



Table 149. — Spillway section — shear-friction factors of safety — reservoir elevation 
1,034.0 — with earthquake effect 


Elevation : 


Factor of 
safety 


1, ooo_ 

950. 

900. 

850. 

800 . 


57.6 

17.0 

10.1 
7.5 
6.2 


FOUNDATION STABILITY 

The foundation stability was cheeked, based on the assumption that if sliding 
were to occur the plane of weakness would be on a plane in the rock. 

Sample computations for stability analysis of the abutment section, based on 
condition 3 (see page 74), are as follows : 


Vertical Pressures 

Weight of concrete above elevation 800.0. ( See table 104 — Check sta- 
bility analysis) 


Pounds 


3, 891, 800 


252 -J- 177 

Weight of reservoir water, 2 X 15 X 62.5 201, 100 

47 

Weight of tail water acting on the dam,— X 32.9 X 62.5 48, 300 

Total weight of concrete and water 4,141,200 


Weight of rock triangle 


under the dam. 


203.1 X 11.6 


2 


X 160. 


188,500 
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Weight of water 1 acting on the triangle, 
47 + 58.6 w 

€.50 X 62.5 X X 17.8 


Total weight of rock triangle and water acting on triangle- 


217, 900 


Total weight above plane of analysis 4, 359, 100 

Less uplift on 65 percent of nonintact portions (vertical component), 

252 4- 58.6 

0.65 X 62.5 X -k X 220.9 — 1, 393, 700 


Net vertical pressure- 


2, 965, 400 


1 One-half the hydrostatic pressure due to tail water acting on the rock triangle is 
based ou the assumption that the proportion of intact rock in the plane of shearing 
In the toe rock is considered as 50 percent. 
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Horizontal Pressures 

Water pressure upstream face (above elevation 800.0), 

0.50 X 62.5 X (252) 2 

Water pressure downstream face (above elevation SOO.O), 
0.50 X 62.5 X (47) 3 


Total horizontal water pressures. 
Component of uplift, 1,393, 700XTan 3°_. 


Total horizontal pressure above elevation 800.0- 
Less tail water pressure below elevation 800.0, 

0.50X 62.5 x 47 -° * 5S 5 X 11.6 

Net horizontal pressure 


Pound* 

1, 084, 5»X) 

— GO, OOP 

1, 015, 500 
73, (JOO 

1,088, 500 

— 10, 100 
i, m \ 400 


Pressure Normal to Plane ( Inclined 3 c ) 


Component of vertical pressure, 2,965,400xCos 3° 2,901,300 

Less component of horizontal pressure, l,969,40OXSin 3° —103, 100 

Net pressure normal to plane 2, 85S, 200 

Resistance to Sliding Along Base (Intact Area 35 Percent) 

Resistance to pure shear, 

=^6x144 X0.35 X500 5,574,300 

Internal friction, 2,858,200 X 0.75 2,143,700 


Total resistance in gross shear under the dam 7, 718, 000 

Less component of pressure normal to 3° plane, 2,858, 200X Sin 3° —149,600 


Net resistance along base 7, 568, 400 

Net horizontal component of resistance along base, 

7,568,400 X Cos 3° 7,558,000 


Resistance of Toe Rock 


(See fig. 326) 


Total weight of rock triangle (2 W R ), 35.6X11.6X160/2 33,000 

Weight of water on rock triangle (2Wwl, 62.5 X47 X 35.6 104,600 

Less uplift (217), 0.50X 62.5x( 47 + 2 — )x35.6 —58,700 


Total vertical weight (2 W) 

or W=78, 900/2 

Component normal to plane, 39,500 Cos 33° 

Component parallel to plane, 39,500 Sin 33° ---- 

Pure shear (&) along the plane, 0.50 X 21.2 X 144 X 600- 


78,900 

39.500 
33,200 

21.500 
915, 900 


Internal friction- (33,200— H x Sin 33°) X 0.75 and (33,2004 Sin 33°)X0.75 


Therefore, 

H x Cos 33° = 915,900—21,5004- (33,200— ifi Sin 33°) 0.75 


or 


894400424,900 _919,3O0 

Hl== Cos 33 ° 4 0.75 Sin 33° 1.24715 


=737,100 lb. 


155813 — 10 
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or 


H 2 Cos 33° = 9 1 5, 900 -f - 2 1 , 500 -f- (33,200 -f H% Sin 33°) 0.75 


H 2 = 


937,400 4- 24,900 962,400 

Cos 33° — 0.75 Sin 33°~0.43019 


— 2,237,000 lb. 


The total resisting force due to rock would, therefore, he but since 

there is uncertainty as to the action of (Hi would be zero if it were to be 
considered that the rock along the plane would not take tension), this force 


will be neglected and only considered. 

Pounds 

Net resisting force therefore equals Ho 2, 237,000 

Plus net horizontal component of resistance along the base 7, 558, 000 


Total 9, 795, 000 


With toe rock 


Factors of Safety (Sliding) 


Forces resisting sliding < 
Forces tending to cause sliding 


9,795,000 

1,969,400 


=4.97 


Without toe rock 

Forces resisting sliding, 7,558,000 X 5,574,300 = 7,1 17,900 lb. 


Forces resisting sliding _ 7,1 17,900 _ 0 ri 

Forces tending to cause sliding 1,969,400 

Sample computations for stability analysis of the spillway section, based on 
Assumption 3, are as follows : 


Vertical Pressures 

Weight of concrete above elevation 800 (including gates) (see table 
110 ; check stability analysis) 

Weight of reservoir water: 

252 L . 17 Z X 15 x 62.5 J. 

Plus (see table 113; check stability analysis) 

Weight of tail water on dam (tail water at elevation 823.5) : 

62 . 5X M 

Weight of water acting on rock triangle: 

0.5 X 62.5 X 47 ^ 59 X18.5 


Pounds 

3, 912, 000 

201, 100 
63, 300 

12, 100 
30, 600 


Total water load 307, 100 


Total concrete and water load 4, 219, 100 

Weight of rock triangle under dam : 

22 g-|Xlg xl60 219, 500 


Total weight above plane 1 4, 438, 600 

Uplift of 65 percent of “Nonintaet portions” (vertical component): 

0.65 X 62.5X— ^^-^X228.6 —1,444,100 


Net vertical pressure on plane 2 , 994, 500 


1 Neglecting weight of tail water acting on the rock triangle under the dam. 
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Horizontal Pressures 

Pound* 

Reservoir water pressure, 0.5 X 62.5 X ( 252 2 — IS 5 » 1,974*400 

Component of uplift, 1,444,100 X Tan 3'' ' 75 ’ 7 <X! 

Net horizontal pressure 1 2,050.1**0 

1 Neglecting" tail water. 

Pressure Normal to Plane ( Inclined 3- 1 

Component of vertical pressure, 2,994,500 X Cos 3° 2,990, 400 

Less component of vertical pressure, 2,050,100 X Sin 3 C 107\300 


Net pressure normal to plane 2, SS3, TCN.» 


Resistance to Sliding Along Base f I ntact Area 35 


Percent) 

228.6 

Resistance to pure shear, Co " s ^5 X 144 X 0.35 X 500 5, 70S, 500 

Internal friction, 2,883,100 X 0.75 2.102,300 


Total resistance in gross shear under dam 7, 930, SW 

Less component of vertical force, 2,883,100 X Sin 3° ~T5 '. 000 


Net resistance along base 7. 779, 900 

Net horizontal resistance along base, 7,779,900 X Cos 3 3 7,709,200 

Resistance of Toe Rock 
(See fig. 327) 

Total weight of rock triangle, 37.0X12.0X0.5X160 35,500 

Weight of water acting on rock triangle (assumed at elevation 

S23.5) , 62.5 X 23.5 X 37.0 54,300 

23.5+35.5 

Less uplift, 0.50 X 62.5 X ^ X 37.0 —34, 1 OO 


Total vertical weight 55,700 

or W= 55, 700/2 27, 900 

Component normal to plane, 27,900 Cos 33° 23,400 

Component parallel to shear plane, 27,900 Sin 33° 15,200 

Pure Shear (8) along plane, 0.5X22.0X144X600 950,400 


Internal friction, (23,400 — Hi Sin 33 Q ) X0.75 plus (23,400+Ha Sin 33°) X 0.75 
Therefore 

Hi Cos 33° =950,400 — 15,200+ (23,400 — Hi Sin 33“ ) 0.75 


or 


Hi= 


935,200+17,500 _952,700 

Cos 33° +0.75 Sin 33° 1.24715 


and 

H 2 Cos 33° =950,400+15,200+ (23, 4Q0+H 3 Sin 33°) 0.75 
or 


Hi = - 


965,600+17,500 983,100 


s 2,285,300 


Cos 33° —0.75 Sin 33° 0.43019 ' 

The total resisting force due to rock would therefore, be H 1 +H 2 , but since 
there is uncertainty as to the action of Hi, (Hi would be zero if it were to be 
considered that the rock along the plane A-C would not take tension) , this force 
will be neglected and only force H 2 considered. 


Pound* 


Net resisting force therefore equals H 2 2, 285, 300 

Plus net horizontal component of resistance along the base 7, 769, 200 

Total 16, 054, 500 
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With toe rock 


Factors of Safety (Sliding) 


Forces resisting s liding _10, 054, 500 
Forces tending to cause sliding 2,050, 100 ~~ 4 * 90 
Without toe rock 


Forces resisting sliding 

.090 g 9 -jo 1 

7 , 769, 200 - ~ 228. Q X 5 ’ 768 > 500=7, 302, 400 

Forces resisting sliding __ 7, 302, 400 
Forces tending to cause sliding “2, 050, 100 == ' 3,56 



Appendix D 

MODEL STUDIES 

In the design of a dam, many features are not determinable mathematically, 
and where this is the case, or where a mathematical analysis must be tested 
for accuracy, model studies may be used. Model studies were made of Norris 
Dam, first, to determine the hydraulic characteristics and architectural effect 
of the various proposed designs of the spillway, apron, drum gates, and outlet 
conduits; second, to check the mathematical stress analyses for the dam; and 
third, to determine some mechanical and hydraulic characteristics of the tractor 
gates used to close the power intakes. 

All of the model tests were made by the United States Bureau of Reclama- 
tion for the Tennessee Valley Authority. The Bureau’s reports on the various 
model studies have been summarized in this appendix. The results, conclusions, 
and a brief description of the equipment, testing procedures, and tests which led 
up to the final design are given in every case. Tor further details the appro- 
priate report of the Bureau of Reclamation should be consulted. 

HYDRAULIC MODEL STUDIES 

Hydraulic models of Norris Dam were constructed and tested as a part of the 
studies made of the hydraulic characteristics of the various proposed designs 
of the dam. The use of a model permitted the study and solution of many prob- 
lems which could not be solved by mathematical or other methods. The studies 1 
were made by the United States Bureau of Reclamation. 

The model investigations were divided into three main parts : spillway studies, 
studies of auxiliary passages, and architectural studies. The spillway studies 
consisted of the determination of good stilling pool characteristics, the calibra- 
tion of the drum gates, the determination, of pressures on the drum gates, the 
measurement of velocities on the apron, the determination of the size of the 
training walls and the pressures exerted on them, and the development of a 
drum gate operating schedule. The studies on the auxiliary passages included 
tests on the outlet conduits to determine a favorable hydraulic design and an 
operating schedule, tests on needle valve outlets through the powerhouse, and 
tests to determine the hydraulic characteristics of the powerhouse water dis- 
charge. The architectural studies were made of the piers and the spillway 
highway bridge. 

The floodwaters, with a probable maximum discharge of 240,000 cubic feet 
per second and a fall of 246 feet could create a maximum of 6,700,000 horse- 
power. If these forces were not made harmless, great danger to the dam 
foundation would result. Hence it was especially important that the design of 
the dam, and particularly the stilling pool, be structurally and hydraulically 
sound. 

MODEL 

The model was built to a scale of 1 : 72. The relations of the dimensions and 
quantities of the model and prototype based on the laws of hydranlic similitude,, 
considering the forces of gravity and inertia only, are shown in table 150- 

The model was constructed as shown in figure 330, using steel structural 
shapes, sheet metal, concrete, and a small amount of lumber. The drum gates 
were operated mechanically. Downstream from the dam the topographic fea- 
tures were reproduced by pouring a 1-inch concrete slab to rock elevation and 
covering fins slab with sand and fine gravel to form the overburden. 

1 Thomas. P. W.. HvdrauPr Model Experiments for t he of the Norris Dam, U. S. 

Bureau of Reclamation Technical Memorandum No. 406, October 15, 1934. 


693 



694 


THE NORRIS PROJECT 




Figure 329 . — Model as finally developed by tests . 
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Table 150 .—Scale relationships 
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X* i 'J 

Time - 


-V X 


: X denotes the scale ratio. 
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Figure 330- — Model design. 

Spillvoay studies 

The proper design of the stilling pool is of vital importance to the safety 
of a high dam due to the large amount of energy that must be dissipated at 
its base. Only in the past few years has a great deal of study been given to 
determining the best methods of protecting the stream beds below dams from 
scour ; however, many different solutions have resulted from a great variety 
of conditions. 

Preliminary studies. 

A determination by means of model testing for each individual case has 
rapidly grown into use, even though the principles governing the design of 
scour protection have been worked out and the types of protection applicable to 
conditions for various types of dam sites have been classified.* Individual 
testing is necessary to determine which of the several forms is applicable to 
the conditions at a given dam site. The classification of principles, however, 
does narrow the necessary field of study and insures that unsatisfactory condi- 
tions are not overlooked. 

Briefly, the type of scour protection depends upon the relationship, throughout 
the entire range of discharge, of the tail water elevation below the dam to 


2 Lane. E. W., and Bingham. W. F., Protection Against Scour Below Overfall Dams, 
United States Bureau of Reclamation Technical Memorandum No. 323, January 23, 
1933 
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the tail water elevation necessary to cause a hydraulic jump to form on a level 
apron at the elevation of the stream bed, or in other words, upon the relative 
position of the tail water rating curve and a jump height curve for an apron 
at stream bed level. This is true whether or not the hydraulic jump is to be used 
for scour protection. 

The ideal condition would be to have a tail water at such a height above 
the river bed for each discharge that it would form a perfect hydraulic jump 
for the depth and velocity which would occur in the overfalling stream at the 
toe of the dam for that discharge. The height of the tail water, however, is 
controlled by the conditions in the stream channel downstream from the dam, 
and this ideal condition is never exactly attained. Other than this perfect 
condition, there are four classes into which those various tail water rating 
curve jump height curve relationships can fall. These are shown in figure 331. 

The conditions at Norris are very favorable to the protection from scour by 
simple means. As will be seen in figure 332, the jump height curve for the 
apron at stream bed level is considerably above the tail water rating curve 
for all discharges. Norris, therefore, falls into class II. (See fig. 331.) 


CASE I CASE IE CASE nr CASE Iff 



o o o 

D I SCHARGE 


> Jump height curve Tailwater rating curve 

Figure 331. — Relationships oj jump height and tail water rating curves . 

For this condition the possible solutions are (1) sloping the bucket to throw 
the overfalling stream far from the base of the dam, (2) raising the tail water 
level by a secondary dam, (3) deepening the pool below the dam, and (4) 
installing various forms of baffles. 

The first mentioned of these solutions with the stratified rock bottom and 
the very high heads acting at Norris would produce severe scour in the river 
bed downstream from the dam and pile up debris in the stream channel below 
the dam which would probably obstruct the flow from the powerhouse. Since 
a very good solution is possible by another one of the four methods, this method, 
which would have undesirable results, was not given serious consideration. 

Satisfactory protection from the hydraulic standpoint could undoubtedly he 
secured by means of the tail water dam mentioned as the second possible solution. 
The secondary dam, when used, must be high enough to produce the required 
tail water level for all discharges. Figure 332 shows that a weir with crest 
at elevation 859.6 would be required to hold the water to the height necessary 
for a discharge of 250,000 cubic feet per second. Such a dam would be about 
40 feet high and would require training walls 70 feet high along both sides of 
the pool. Moreover, the pool would have to be of considerable length; 4^ to 
5 times the height of the jump is required to produce satisfactory conditions 
where the height of the secondary dam is an appreciable part of the pool 
depth. Some protection against scour would also he required below the sec- 
ondary dam, but since (as shown on figure 332) the natural tail water curve is 
nearly high enough to produce a jump below the secondary dam on an apron at 
stream bed level, little in addition to the horizontal apron below the secondary 
weir would be required. The cost of the 40~foot tail water dam with its apron 
and 70-foot retaining walls, however, is so great that this form of protection, al- 
though undoubtedly satisfactory from the hydraulic standpoint, would be 
entirely too expensive. 

The use of baffles of the ordinary forms to dissipate the energy of the water 
passing over the dam was not favored because of the unprecedented velocities 
which would act on them and the difficulty of building them strong enough to 
resist the blows to which they might be subjected by logs. The large difference 
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in height between the tail water rating curve and the curve for height of jump 
on an apron at stream bed level indicates that the energy which would have 
to be dissipated by^ any form of baffle would be large and therefore would be 
subjected to large impacts. Several forms of baffles were tested, however, in 
an attempt to shorten the length of depressed apron downstream. 

The best form of protection is secured by deepening the pool by excavation, 
placing the pool bottom at elevation 806, or about 13 feet below the stream 
bed level. For this condition the depth of pool is sufficient to form a jump 
at all flows. The close agreement between the jump height curve and the 
tail water curve indicates that a nearly perfect hydraulic jump would be 
formed in which the energy would be efficiently dissipated. 



900 


880 




DISCHARGE IN THOUSAND SECOND FEET 


Figure 332. — Jump height and tail water rating curves for Norris. 


The action of the pool as shown on figure 332 is based on the assumption 
that the drum gates are kept at the same elevation. For the lower discharges 
f-T-ns is not so important since the pool is deeper than necessary for this condition 
and some un balancing of the gate discharge would be permissible. 

From tins preliminary analysis of the conditions, the range of model tests 
was narrowed appreciably. 

Tests and results. 

The problem of designing the stilling pool was complicated throughout the 
tests by the necessity of meeting the requirements of the three following condi- 
tions: (1) outlet conduits discharging singly or in combination, (2) spillway 
discharging, and (3) outlet conduits and spillway, both discharging. In many 
instances a set-up would fulfill one or more of these requirements but would 
be objectionable for the remainder. 

Throughout the series of tests on various aprons, a representative number 
of runs were made on each test. Model flows representing prototype flows of 
20,000, 40,000, 80,000, 120,000, 160,000, 200,000, and 240,000 cubic feet per second 
were used. The head at the crest was regulated by means of the drum gates 
in all but the first six tests, which were made before the gates were installed. 
With the exception of the last few tests, the flows were regulated as follows : 
20,000, 40,000, and 80,000 cubic feet per second with all gates held at elevation 
1,034; 120,000 and 160,000 cubic feet per second with all gates set so as to hold 
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the reservoir at elevation 1,052 ; 200,000 cubic feet per second with all gates 
at elevation 1,020; 240,000 cubic feet per second with all gates at elevation 
1,020, the flow divided 200,000 cubic feet per second over the spillway and 
40,000 cubic feet per second through the conduits. The last tests were made 
by allowing 40,000 cubic feet per second to pass through the conduits at all 
flows and regulating the flow over the spillway to 20,000, 40,000, and 80,000 
cubic feet per second with all gates held at elevation 1,034; 120,000 and 160,000 
cubic feet per second with all gates set at the correct elevation to hold the 
reservoir at elevation 1,052; 200,000 cubic feet per second with all gates at 
elevation 1,020, making total quantities of 40,000 (sluices only discharging), 
60,000, 80,000, 120,000, 160,000, 200,000, and 240,000 cubic feet per second, respec- 
tively. This change was made to follow an operating program developed by 
the tests. 

The action of these tests was recorded pictorially by using still and moving 
pictures, graphically by use of point gage readings of water surface elevations, 
and visually by the operator. 

For the first six tests, in order to expedite preliminary testing, the power- 
house, drum gates, and outlet conduits were omitted from the model and a sand 
box extending downstream from the end of the apron was used instead of the 
regular topography. After the powerhouse and outlet conduits were installed, 
they were changed from time to time as the designs were altered by the design 
and testing staffs. 

In the original design much thought was given to possible scour on the apron 
at the toe of the dam. In order to provide for this condition an additional 
thickness of apron at this point was deemed necessary. The sloping apron, in 
addition to lessening the excavation in the pool, would provide for this added 
thickness. Also, the tail water rating curve and the jump-forming height curve 
for a level depressed apron tend to draw apart at the lower ends (see fig. 332) 
showing the pool to be too deep at low flows. The sloping apron, by causing 
the jump to form on the slope, would tend to bring these two curves together, 
thus giving better conditions at low flows. 

In the first model set-up the apron slope was made to conform to the natural 
dip of the rock strata or an 8 : 1 slope downstream with a level apron at eleva- 
tion 810. Although the theoretical analysis showed an apron at elevation 806 
necessary to form the jump, the first apron tried was placed at elevation 810 
and the top of the sill at the end of the apron at elevation 819. A 60-foot radius 
bucket connected the downstream face of the dam to the 8 : 1 sloping portion 
of the apron. Figure 333 shows this model set-up. 

It was found from the first three tests that this arrangement did not give 
sufficient length of pool for the formation of the jump at low flows, although 
the action at higher flows was fairly good. The higher discharges show the 
water surface low over the entire apron and a slight tendency for the pool to 
“sweep.” Considerable scour was noted. When the tail water was raised 4 
feet, better results were obtained, thus showing the possibilities of a sloping 
section of apron with the level portion of the apron at elevation 806. 

In test No. 4 a set of breaker blocks, shown in figure 333, was added at the 
point of tangency between the 60-foot radius bucket and the 8 : 1 slope across 
the entire width of apron. It was hoped that the jet of water over the dam 
might be broken up sufficiently to cause more water to remain on the apron and 
decrease the velocities passing the sill. Results of the test showed, however, 
that very little additional water was retained on the apron and the velocities 
over the sill were reduced only slightly. There was slightly less scour down- 
stream from the end of the apron than in the previous tests. The benefits de- 
rived from the blocks in reducing the scour and quieting the water surface at 
high flows were more than offset by the bad conditions at lower flows and 
probable high initial cost 

The sloping portion of the apron was removed for test No. 5 and the 60-foot 
radius bucket moved down to connect with a flat apron at elevation 810. This 
set-up showed insufficient tail water at the intermediate and high flow to insure 
the formation of a hydraulic jump. Less scour downstream resulted from this 
set-up than either of the previous tests. By raising the tail water 4 feet the 
conditions were somewhat improved, although the jump was drowned out to a 
certain extent at low flows. 

In keeping with the indications from previous tests and the action predicted 
on figure 332, the flat apron was lowered to elevation 806 and connected to the 
0.7 slope of the spillway by a 60-foot-radius bucket The sill at the end of the 
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apron Dad a 1 : 1 slope and a top elevation of S19. The results of this test veri- 
fied the assumption made from figure 332, and good jump conditions were ob- 
tained at all except low nows. The scour conditions with this set-up did not 
prove serious, and the same set-up was used for tests Nos. 6 and 7 

The bucket was next changed to a 100-foot radius for test No. 3 in order to 
provide a greater thickness of concrete at the toe of the dam to allow for 
possible scour at that point. It was hoped that the lower part of the large 
radius bucket would simulate the sloping apron. With the radius of the bucket 
increased from 60 to 100 feet, the flow conditions were somewhat improved but 
the results were not entirely satisfactory. The profile of the water surface 
showed very little change from conditions with the 60-foot-radius bucket. 



SECTION THROUGH CREST SHOWING STEEL BENTS, 

TRAINING WALL AND SLOPING APRON 
TESTS 1,2 4 3 

Figure 333. — Model 8:1 slope , apron at elevation 810 , sill at elevation 819, 


The possibilities of using a combination sloping and flat apron were kept in 
mind, and when the desired results of a larger radius bucket did not ma- 
terialize, apron slopes of 4 : 1, 6:1, and 8 : 1 were tried. The sill at the end of 
the apron had an upstream slope of 1 : 1 with a top at elevation 819. A. 60-foot- 
radius bucket was used. The 8 : 1 and 6 : 1 slopes did not allow sufficient length 
of fiat apron at elevation 806 to form a good jump, hut the 4:1 slope gave 
good condition throughout the range of flows and much better condition at 
the low flows than either the flatter slope or the level apron. The 4 : 1 slope 
was adopted for further testing. 

After fixing the elevation of the flat portion of the apron and the rate of 
slope for the sloping portion of the apron, a series of tests was conducted to 
determine the possibility of shortening the length of horizontal apron down- 
stream, or to improve flow conditions by addition or alteration in sills with 
the same length of apron. 
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The first change was the slope of the face of the sill at the end of th® 
s l°P e was 1 : 1 from elevation 806 to elevation 819 anti 
width was 10 feet. This was changed to a IV, • 1 sloDe with » L top 

feet. A comparison of results with the iy> : 1 and 1- 1 llope show^tw f 5 

desirable condition in the stilling pool. The sills were also subiectpd tn cl 1111 
showed a generally undesirable condition. ° e semir - The results 
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UPSTREAM ELEVATION 
Top of training wall £| 870.0 



SECTION SHOWING DIFFUSER SILL ON APRON 

“* TESTS 18 & 19 

Top of training wall El 870.0 


SECTION SHOWING LARGE DIFFUSER SILL 
WITH OVERHANGING NOSE ON APRON 
TEST 25 SILL AT END OF APRON 

26 SILL 5” UPSTREAM FROM END OF APRON 
TEST 27 SILL 10” UPSTREAM FROM END OF APRON 
TEST 28 SILL 15" UPSTREAM FROM END OF APRON 



SECTION SHOWING CONCAVE UPSTREAM 
FACE SILL ON APRON 
TEST 23 

Scale \ ° 1 d £ S » '2 Inches 


Figure 334. Types of diffuser sills tested. 


SECTION SHOWING LARGE DIFFUSER SILL 
(OVERHANGING NOSE REMOVED) ON APRON 
TEST 29 SILL 15" UPSTREAM 
TEST 30 SILL 10" UPSTREAM 
TEST 3 I SILL 5" UPSTREAM 
TEST 32 SILL AT END OF APRON 


va«ons5“ e rU^ a fdm ea of% th 4etl h d f “Vf the , t0 P ™ lowered to ele- 
maintained. This lower sill results ,®l ope of were still 
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the blocks were too small to effSt ^ * Were ® llg 5 tly proved, but 

though surface conditions were improved m flov ^. conditions, at- 

tained at low and intermediate disSiar^s V 7 S d flow condltlons were ob ' 
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A sill with a concave upstream face as shown in figure 334 was tested at 
the downstream end of the apron. It was thought that by using this sill 
the sheet of high velocity water along the apron would be turned upstream 
and impinge on the incoming jet. The results showed the jet to be of such 
depth by the time it reached the sill that it completely filled the concave space 
and formed in effect a sill with a vertical upstream face. This caused dis- 
turbance in the pool directly over the sill and very rough surface conditions 
elsewhere in the pool. If the radius of curve could have been increased con- 
siderably so that the entire high velocity jet -would strike the lower half of the 
curve, the predicted action might have taken place, but this would have neces- 
sitated a structure of unreasonably large size. 

The concave sill offered possibilities in that the curved upstream face and 
overhang might be applied to the diffuser-type blocks. Such a sill was tested 
at different positions on the flat portion of the apron, thus simulating a shorten- 
ing of the apron. This sill is shown in figure 334. The results were satis- 
factory in that smoother water surface conditions were obtained and the 
velocities beyond the end of the apron were very evenly distributed. Faint 
tests disclosed that part of the jet was turned back on the apron hy the curved 
upstream face of the blocks, thus causing an ellipsoidal roll to form on the apron 
ahead of the' sill- Another portion of the water passed between the blocks 
and was deflected, upward by the sloping portion of the sill and allowed to 
spread due to the increase in area as the water moved upward and outward. 
The high velocity jets flowing between the blocks were further broken up and 
the velocity diminished by the effect of the water spilling off the face of the 
blocks and into the chamber. Hence, the water after it passed the sill was 
moving in an upward direction away from the river bed, thus diminishing 
the possibility of scour downstream from the apron. There was very little 
scour noted ; however, a tendency existed to deposit material at the end of the 
apron. 



A. SECTION SHOWING DIFFUSER SILL B. SECTION SHOWING PARABOLIC HUMP 

C WHEELER TYPE) ON APRON OVER OUTLET COUND4JITS 

TESTS 34,35 AND 36- SILL AT END OF APRON TEST *Z 

W" AND 15“ UP5TREAV RESPECTIVELY 

Figure 335. — A. Wheeler type diffuser sill. B. Parabolic hump over outlet conduits . 

Good results were obtained at all positions of the sill on the apron, although 
the best results were found when the apron was shortened 60 feet. By use of 
this sill the apron and training walls could be shortened 60 feet and better flow 
conditions obtained than with a longer apron. The high initial cost, combined 
with the probability of damage due to excessive erosion of the sill and impact 
of logs on the dentates, made the use of this sill inadvisable. 

The cost of construction and probability of erosion of the sill were lessened 
by removing the overhanging noses from the blocks, thus making the faces of 
the blocks tangent to the curve at 30° to the vertical. This diffuser block is 
shown in figure 334. This type of block was tested at different positions on 
the apron. Approximately the same results were obtained as for the preceding 
tests, except a possible improvement of conditions in the water surface in the 
pool. Although it was thought that the additional cost of construction of this 
sill could have been borne by the saving and shortening of the apron and train- 
ing wahs, the bad features of the sill were embodied in the very grave possibility 
of erosion of the sill and the resulting necessary maintenance. 

A low diff user sill similar to that used at Wheeler Bam was tested at three 
positions on the apron in an attempt to improve flow conditions. This type 
sill is shown in figure 3355. The results showed an improvement in flow condi- 
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tions in the pool for low and medium flows and good results with just the 
sluices operating, but at high spillway flows very little improvement was noted 
except in surface conditions. The velocities downstream from the end of the 
apron were much higher than in other set-ups. With the sill at the end of the 
apron entirely removed, surface conditions agreed closely with the conditions 
with the diffuser sill at the end of the apron. The sill located 60 feet upstream 
from the end of the apron produced the best results. 


Figure 336. Comparison of pool action with one of the more unsuccessful model set-ups 
(A) and the adopted design ( B ). 

Next, a sill built with a top width of 3 feet and conforming to the contour of 
the stream bed at the end of the apron for the width of the spillway was tested. 
The bottom width^ was held constant at 24 feet and the slope of the upstream 
face varied accordingly. The velocity of water was concentrated near the center 
of the apron as it crossed the sill and continued downstream. This was caused 
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by the lower sill section at. the center of the apron and the consequent flatter 
slope. The higher sill- sections at the sides of the spillway apron caused, dis- 
turbances which resulted in higher water surfaces. 

From more accurate cross sections of the stream bed t he average elevation 
of the stream bed was determined to be about elevation 817.5 instead of 819. 
A. set of sills with their tops at that elevation, a constant top width of 3 feet, 
and upstream face slopes of 1%:1, 2:1, 2%:1, and 3:1 were tested. The 
results of these tests indicated that the 1 % : 1 slope sill was the best from the 
hydraulic standpoint, as well as being less expensive to build. Water surface 
conditions were improved as compared to the higher sills of the same slope, and 
no additional erosion was noted at the end of the apron. The modification of 
the sluice outlet which will be described later made their operation satisfactory 
with this sill. It was, therefore, recommended for the final design. A para- 
bolic hump as shown in figure 335 on the darn over the outlet conduit opening had 
very little effect on the flow over the spillway. 

Check runs made from time to time showed results of the stilling pool to be 
very consistent. 

Calibration of drum gates. 

Prior to the actual calibrating of the drum gates, a tentative schedule of 
operation was worked out for the gates to cover the range of gate elevations 
from 1,020 to 1,034. 

For each of these gate settings a range of heads over the gates was de- 
termined. These heads were not the same for each gate setting but were 
tentatively determined so that the minimum head was fixed by the elevation 
of the gates; and the maximum head was that obtained when the elevation 
of the water surface of the reservoir was approximately 1 foot above the 
maximum of elevation 1,052. 

In the original analysis of the discharge data for the gates the formula 
Q=CLH ZI2 was used and the value of the coefficient C was computed in terms 
of model values for Q, L, and H and with the gates set at elevations 1,020, 
1,023.51, 1,027.11, 1,031.54, and 1,033.91, respectively. A summary of these 
results is shown in table 151. When the values of C were plotted on cross- 
section paper against the values of H, the resulting curves appeared very erratic 
so that logarithmic plotting was tried in an effort to straighten the data. 
Logarithmic plotting produced a good curve for each gate elevation. Difficulty 
was experienced in this method of analysis due to the short range of values 
of coefficient C at some gate elevations which made it extremely difficult to 
read values from the curves. 

Since the above method of analysis had the decided disadvantage of not 
giving smooth curves and therefore making interpolation between observed 
data difficult, the values of Q and H were then plotted on a logarithmic scale 
with the equation Q—KLB . rn as a basis. The values of Km and n were obtained 
from the intercepts and slopes of the straight lines through the data for 
each gate elevation. Very satisfactory results were produced by this method 
and to justify it further, additional runs were made with gates set at eleva- 
tions 1,022.05, 1,025.03, 1,028.93, and 1,031.41, respectively. A decided advantage 
of this method of analysis was that fewer runs were required to fix the position 
of a particular curve. 

After summarizing the data obtained from the logarithmic plottings, it was 
found that the values of Km and n must be fixed with greater accuracy than 
is possible with logarithmic plotting, due to the slight irregularities of the 
printing of the paper and the impossibility of interpolating to the necessary 
degree of accuracy. 

Trial computations using the least square method * of adjustment of observed 
data produced a much smaller percentage of error, therefore it was adopted for 
handling the coefficient data. 

Table 152 gives a summary of results of adjusting the data by means of the 
method of least squares. 


•Rohwer, Carl, The Least Square Adjustment of Experimental Data, Bureau of Agri- 
cultural Engineering, Department of Agriculture. Appendix II, IT. S. Bureau of Reclama- 
tion, Technical Memorandum No. 405. 



/IMfc 


THE N ORRIS PROJECT 


Tabie 151 . — Coefficient of discharge of spillway drum gates 


1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

Test 

No. 

Run 
No. | 

Gate 

elevation 

Model 

Q 

Head 

on 

model 

crest 

Model C in 
Q=CLH 2 / 2 

Test 

No. 

Run 

No. 

Gate 

elevation 

Model 

Q 

Head 
! on 
model 
crest 

Model C in 
Q«CLH3 / j 

6 

1 

1,020.00 

0.431 

0. 1011 

3. 224 

7 

29A 

1, 027. 11 

2. 732 

0. 3047 

3.899 


2 

1,020.00 

.918 

.1609 

3. 415 


29B.__ 

1, 027. 11 

2. 747 

.3080 

3.856 


3 

1,020.00 

1.839 

.2464 

3. 608 


290... 

1, 027. 11 

3. 614 

.3666 

3. 907 


4 

1,020.00 

2.725 

.3136 

3.724 


30A... 

1, 027. 11 

3. 629 

.3698 

3. 871 


5 

1,020.00 

3.625 

.3739 

3. 805 


30B... 

1, 027.11 

3. 616 

.3727 

3.813 


6 

1,020.00 : 

4.556 

.4265 

3. 923 


30X._ 

1, 027. 11 

4. 532 

.4304 

3.851 


7 

1,020.00 

7.901 

.6096 

3.983 


30Y_„ 

1, 027. 11 

4.521 

.4243 

3.924 


8 

1.020.00 

4.571 

* 43 F* 

3.866 


30Z„__ 

1,027.31 

4. 517 

.4280 

3.871 


9 

1,020.00 

4.105 

. 403a* 

3.842 


37.... 

1, 031. 54 

.228 

.0579 

3 913 


10.... 

1,020.00 

3.147 

.3424 

3.766 


38.... 

1, 031. 54 

.396 

.0837 

3.931 


11 

1,020.00 

6.257 

.5275 

3.917 


39.... 

1, 031. 54 

.609 

.1119 

3.900 


12 

1,020.00 

7.452 

.5914 

3.931 


40.... 

1,031.54 

.842 

.1404 

3.839 

7 

7A 

1,033. 91 ; 

.434 

.0894 

3.898 


41.... 

1,031.54 

1. 114 

.1690 

3.845 


7X 

1,033.91 ! 

.226 

.0578 

3.901 


42.... 

1, 031. 54 

1.404 

.1950 

3. 913 


8 A 

1,033.91 | 

.914 

.1476 

3.S6G 


43.... 

1, 031. 54 

1.706 

.2225 

3. 898 


9 A — 

1,033.91 

1.841 

.2381 

3.803 


44.... 

1,031.54 

2.080 

.2536 

3. 908 


9X 

1,033.91 

1.343 

.1916 

3.842 


45.... 

1, 031.54 

2.270 

.2690 

3.904 


9Y„_. 

1,033.91 

1.349 

.1918 

3.853 


46.... 

1,020.00 

.459 

.1026 

3. 346 


10A„_. 

1,033.91 

2.725 

.3083 

3.820 


47.... 

[ 1,020.00 

.917 

.1586 

3.482 


10B._. 

1, 033. 91 

3. 677 

.3761 

3.825 


48 

1.020.00 

1.846 

.2455 

3.642 


10C__. 

1,033.91 

3. 162 

.3424 

3.787 


49 

1,020.00 

2.746 

.3144 

3. 737 


10D_> 

1,033.91 

3.154 

.3392 

3.830 


50 

1,020. 00 

3. 655 

.3695 

3.904 


10E„. 

1,033.91 

3.571 

.3748 

3. 839 


51.... 

1, 020. 00 

4.531 

.4303 

3.851 


10X_ 

1,033.91 

2.286 

.2749 

3. 805 


52.... 

1, 020. 00 

5.349 

.4785 

3.878 


21 

1,031.41 

.218 

.0573 

3.819 


53.... 

1, 020. 00 

6. 218 

.5243 

3.931 


22 

1,031.41 

.433 

.0892 

3. 910 


50A... 

1, 020. 00 

3. 716 

.3773 

3.847 


23 

1,031.41 

.911 

.1465 

3.894 


51A... 

1, 020.00 

4.522 

.4340 

3.796 


24 

1,031.41 

1.837 

.2349 

3.872 


52A— _ 

1,020.00 

5.381 

.4753 

3.941 


25 

1,031.41 

2.734 

.3060 

3.874 


47A... 

1,020.00 

.928 

.1610 

3.448 


21X__ 

1,031.56 

.323 

.0725 

3.980 


46X_. 

1,020.00 

.229 

.0661 

3.222 


22A... 

1,031.56 

.430 

.0873 

3.994 


50B 

1,020.00 

3.617 

.3731 

3. 808 


22B„- 

1,031.56 

.435 

.0880 

4.002 


54 

1,028.93 

.438 

.0902 

3.876 


22C>._ 

1,031.56 

.435 

.0889 

3.942 


55.... 

1,028.93 

.929 

.1493 

3. 864 


22X_ 

1,031.56 

.941 

.1501 

3.884 


56.^.. 

1,028.93 

1.852 

.2359 

3.880 


22Y 

1,031.56 

.681 

.1203 

3.911 


57.... 

1,028.93 

2.723 

.3039 

3. 901 


23A — 

1,031.56 

.913 

.1468 

3.894 


58.... 

1,025.03 

.924 

.1544 

3. 658 


23X — 

1,031.56 

1.380 

.1930 

3.906 


59.... 

1,025.03 

1.851 

.2427 

3. 715 


24A.„ 

1,031 56 

1.843 

.2339 

3.909 


60.... 

1,025.03 

2.753 

.3125 

3.782 


24X — 

1,031.56 

2.229 

.2648 

3.926 


61.... 

1,025.03 

3.632 

.3752 

3.793 


25 A — 

1,03L 56 

2.716 

.3025 

3.915 


62.... 

1,025.03 

.438 

.0952 

3.582 


25B 

1,031.56 

2.716 

.3021 

3.923 


63.... 

1,022.06 

.436 

.1006 

3.283 


26 

1,026.91 

.441 

.0953 

3.596 


64.... 

1,022.06 

.923 

.1615 

3. 413 


27 

1,026.91 

.916 

.1519 

3.709 


65.... 

1,022.06 

1. 470 

.2167 

3.496 


28 

1,026.91 

1.828 

.2377 

3.785 


66.... 

1,022. 06 

3.600 

.3795 

3.696 


29 

1,026.91 

2.724 

.3087 

3.810 


67.... 

1,022. 06 

4.526 

.4330 

3.813 


30 

1,026.91 

3.635 

.3725 

3.836 


68.... 

1,023. 51 

.441 

.0997 

3.362 


26A-. 

1,027. 11 

.434 

.0919 

3. 737 


69 

1, 023. 51 

922 

. 1594 

3.477 


27A... 

1,027.11 

.925 

.1505 

3.800 


70IIII 

1^023^ 51 

1. 837 

! 2459 

£ 615 


2SA-. 

1,027.11' 

1.838 

.2360 

3. 849 


71.... 

1,023. 51 

3. 670 

.3822 

3.713 
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Table 152 . — Adjustment by least square method 


1 

2 

3 

4 

5 

6 

7 

8 

9 

Test 

No. 

Run 

No. 

Gate 

elevation 

Model 
head on 
crest 

Mode] 

Q 

Colog 

H 

Log 

Q 

(Log H) 3 

1 

LogH 

X 

Jog Q 

6 

i 

1020.00 

0. 1011 

0. 431 

— 0. 9953 
— . 7934 
—.6084 
5036 
—.4272 

—0. 3652 
-. 0372 
-f-. 2645 
+. 4350 
-j- 5593 

0.9905 
.6295 
.3701 
. 2536 
.1825 
.0462 
. 1331 
.1554 
.2167 
.0772 
.0520 

+0. 3635 
+. 0295 
-.1609 
2191 



1020.00 

.1609 

.918 



1020.00 

. 2464 

1.839 


! 4 

1020. 00 

.3136 

2.723 


5 - 

1020. 00 

.3739 

3. 625 


7 

1020. 00 

.6096 

7.901 

— . 2150 

+. 8977 
+. 6600 
-k 6133 
-k 4979 
-k 7964 
-k 8723 

-. 1930 
—.2408 
—.2417 
-.2317 
—.2212 
-. 1990 


8 

1020.00 

.4317 

4. 571 

—.3648 


9 

1020.00 

.4035 

4.105 

— . 3942 


10 

1020.00 

.3424 

3.147 

—.4655 


11 

1020. 00 

.5275 

6.257 

— . 2778, 


12 

1020. OO 

.5914 

7.452 

—.2281 








—5. 2733 

-{-5. 1940 

3.1068 

—1.5533 



11 A = 5. 2733 n + 5 . 1940 1. 5533 -f 3. 1068 n ~ 5. 2733 A 

A — 1 . 2476 — Log K m X 71 — 1 . 6175 

L = 17. 68 X = 4. 1668 Km = 4. 244 

7 

46 _ 

1020. 00 

0. 1026 

0. 459 

—0. 9889 

-0.3383 

0. 9778 

+0.3345 
+.7559 
+.0303 
+.0256 
— . 1624 


46X 

2020. 00 

.0661 

. 229 

— 1. 1798 

— . 6407 

1. 3919 
.6395 
.6291 


47 

47A 

1020. 00 
1020. 00 

.1586 
. 1610 

.917 

.928 

—.7997 
— . 7932 

—.0379 
— . 0323 


48 

1020. 00 

. 2455 

1.846 

-.6100 

Hk 2663 
+.4387 
-f-- 5629 
4-. 5700 
4-. 5583 
4-- 6562 

.3720 


49 

1020. 00 

.3144 

2. 746 

— . 5025 

.2525 

—.2204 


50 

1020. 00 

.3695 

3. 655 

— . 4324 

. 1870 

—.2434 


50 A 

1020. 00 

.3773 

3. 716 

— . 4233 

. 1792 

—.2413 


50B_ _ _ . 

1020.00 

.3731 

3. 617 

— . 4282 

. 1833 

— . 2391 


51 

1020. 00 

.4303 

4.531 

— . 3662 

. 1341 

—.2403 


51A _ __ . 

1020. 00 

.4340 

4.52 2 

— . 362 5 

4-. 6553 
4-. 7283 

. 1314 

— . 2376 


52 

1020.00 

.4785 

5. 349 

—.3201 

. 1025 

— . 2331 


52A 

1020.00 

.4753 

5. 381 

— . 3230 

-k 7309 

. 1044 

— . 2361 


53 

1020.00 

.5243 

6.218 

-.2804 

+.7937 

.0786 

—.2226 






-7.8102 

+4. 9114 

5.3633 

-1. 1300 



14 A — 7. 8102 n + 4. 9114 5. 3633 n + 1. 1300 = 7. 8102 A 

A — 1 . 2432 = Lo? KmZ n » 1. 59S7 

Km 17.51 X - 4. 1668 JTm « 4- 202 

7 

63 

1022.06 

0.1006 

0.436 

-0. 9974 

-0. 3602 

a 994 8 

+0.3592 


fU 

1022.06 

.1615 

.923 

-.7918 

— . 0349 

.6270 

+. 0276 


65 

1022.06 

.2167 

1. 470 

-.6642 

+. 1673 

.4411 

-.1111 


66 

1022. 06 

.3795 

3. 600 

-.4208 

+. 5563 

.1771 

2341 


67 

1022.06 

.4330 

4.526 

-. 3635 

+. 6558 

.1321 

-.2384 













-3. 2377 

+. 9843 

2.3721 

-.1968 



5 A — 3. 2 3 77 Jt + 0. 9843 0. 1968 + 2. 3721 n » 3. 2377 A 

A *= 1. 2323 = Log JCm L 7i - 1. 5990 

KmL = 17. 07 X = 4. 1670 XT™ = 4.097 

7 

68 

1023 . 51 

0. 0997 

0.441 

— 1. 0013 

-0.3556 

1.0026 

+0.3560 


69 

1023. 51 

.1594 

.922 

7975 

—.0353 

.6360 

+. 0282 


70 

1023. 51 

.2459 

1. 837 

6092 

+.2641 

.3712 

— . 1609 


71 

1023. 51 

.3832 

3. 670 

-. 4166 

+.5647 

.1735 

— . 2352 






-2.8246 

+.4379 

2.1833 

— . 0119 



44. = 2.8246 ra + 0.4379 2. 1833 TO + 0. 0119 * 2. 8246 A 

A — 1. 2220 — Log Km X n — 1.5754 

KmL = 16. 67 X - 4. 1670 iT« - 4. 001 


155813 — 40 - 


■46 
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Table 152. — Adjustment by least square method — Continued 


1 

2 

3 

4 

5 

6 

7 

8 

9 

Test 

No. 

Run 

No. 

! Gate 
elevation 

M3dez 
head on 
crest 

Model 

Q 

Colog 

H 

Log 

Q 

(Log H) 2 

Log H 

X 

log Q 

7 

58 

1025. 03 

0.1544 

0. 924 

-0.8114 

-0. 0343 

0. 6583 

+0.0278 


59 

1025.03 

.2427 

1.851 

6149 

+. 2674 

.3781 

—.1644 


60 

1025-03 

.3 125 

2.753 

-. 5052 

+. 4398 

.2552 

—.2222 


61 

1025.03 

.3752 

3. 632 

— . 4257 

+. 5601 

.1813 

—.2385 


62 

1025.03 

.0952 

.438 

-1. 0214 

3581 

1.0432 

+.3658 


! 

i 

! 

i 


-3. 3786 

+.8749 

2. 5161 

-.2315 



! 5 A - 3. 3786 n - HO. 8749 

2. 5161 n-hO. 2315 = 3. 3786 + 




-<4-1. 2175 = Log K m L 


n = 1. 5429 




K„ 

L - 16. 50 L — 4. 

,1670 

Kw = 3. 960 


7 

26A 

1027. 11 

0.0919 

0. 434 

— 1. 0367 

—0. 3625 

1. 0747 

+0. 3758 


27A 

1027. 11 

. 1505 

.925 

-. 8225 

— . 0338 

.6764 

+.0278 


28 A 

1027. 11 

.2360 

1. 838 

6271 

+.2645 

. 3932 

— . 1658 


29A 

1027. 11 

.3047 

2.732 

5161 

+.4366 

.2664 

—.2253 


29R. 

1027. 11 

.3080 

2. 747 

-.5115 

+. 4388 

.2616 

—.2244 


29C 

1027. 11 

.3666 

3.614 

4358 

+. 5580 

.1899 

-.2432 


30A 

1027. 11 

.3698 

3. 629 

-. 4320 

+. 5598 

.1867 

-.2419 


30B 

1027.11 

.3727 

3.616 

4286 

+. 5582 

.1837 

— . 2393 


30X 

1027.11 

.4304 

4.532 

3661 

+. 6563 

.1341 

-.2403 


30 Y_ 

1027. 11 

.4243 

4.521 

3723 

+. 6552 

.1386 

-.2440 


30Z 

1027. 11 

.4280 

4.517 

-. 3686 

+. 6549 

.1358 

-.2414 


i 

1 



-5.9173 

+4.3860 

3.6411 

-1.6620 



11 A = 5.9173 n + 4.3859 

3.6411 72 + 1. 6620 — 5. 9173 A 




4*1. 2178 = Log Km L 


72— 1. 5227 




• 

Km L=> 16. 51 L = 4. 1670 

X* * 3. 963 


7 

54- 

1028.93 i 

1 0.0902 

| 0.438 

+1.0448 

+0. 3585 

1. 0916 

+0. 3746 


55. 

1028.93 

[ .1493 

1 .929 

.8259 

+. 0319 

.6822 

+.0264 


56 

1028. 93 

! .2359 

1.852- 

.6273 

2677 

.3935 

-. 1679 


57 

1028.93 

.3039 

1 2.723 

.5173 

— . 4351 

.2676 

—.2251 


I 




3.0153 

— . 3124 

2. 4349 

+.0080 



4 A — 3.0153 71+0.3124 

2. 4349 n - 0. 0080 = 3. 0153 A 




-4 — 1. 2119 = Log K m L 


n = 1. 5041 




Km 

L = 16. 29 

Z » 4. 1670 

-Km = 3. 909 


7 

21 

1031.41 

0. 0573 

0.218 

-1. 2418 

-0.6609 

1.5422 

+0.8208 


1 22 

1031. 41 

.0892 

.433 

-1.0496 

— . 3631 

1. 1017 

+.3811 


! 23 

1031.41 

.1465 

.911 

—.8342 

-.0407 

.6958 

+.0340 


! 24 

1031. 41 

.2349 

1.837 

— . 6291 

+. 2641 

.3958 

— . 1661 


25 

1031. 41 

.3060 

2,734 

— . 5143 

+.4368 

.2645 

—.2246 






-4. 2690 

-. 363S 

4.0000 

+.8452 



5 A « 4. 2690 n — 0- 3638 

4 . 0000 n - 0. 8452 * 4. 2690 A 




A = 1. 2123 - Log K m L 


n = 1.5051 ■ 





L = 16.30 

L — 4. 1670 

Km - 3. 913 


7 

37 

1031.54 

0.0579 

0.228 

-1.2373 

—0.6426 

1. 5310 

+0. 7952 


38-.. 

1031.54 

.0837 

.396 

—1.0773 

— . 4021 

1. 1605 

• +.4332 


39 

1031.54 

. 1119 

.609 

-.9512 

-. 2156 

.9047 

+.2050 


40 

1031.54 

.1404 

.842 

-.8526 

— . 0749 

.7270 

+.0638 


41 

1031.54 

.1690 

1. 114 

-.7721 

+.0468 

.5962 

—.0361 


42. 

1031.54 

.1950 

1. 404 

-.7100 

+- 1475 

.5041 

-.1047 


43 

1031.54 

.2225 

1. 706 

-.6527 

+. 2321 

.4260 

— , 1515 


44 

1031.54 

.2536 

2.080 

— . 5959 

+.3181 

.3550 

-.1896 


45 

1031.54 

.2690 

2.270 

5703 

+.3560 

.3252 

-.2030 






—7.4194 

—.2347 

6.5297 

+.8123 



= 7. 4194 ’» — 0. 2347 6. 5297 n — 0.8123 — 7. 4194 A 




A « 1.2078 - Lo g Km X 


n » 1.4967 




K m 

L- 16.13 

L — 4. 1670 

Km = 3.872 
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Table 152. — Adjustment by least square method — Continued 


i ; 

2 

3 

4 

5 

6 

7 

8 

9 

Test ! 
No. | 

Bun 

No. 

Gate 

elevation 

Model 
head on 
crest 

Model 

Q 

Colog 

H 

Dog 

Q 

(Log H) 

Log H 

X 

Jog Q 

7 

21X 

1031.56 

0.0725 

0.323 

—1. 1397 

-0. 4902 

1. 2988 

-f-0. 5587 


22 A 

1031. 56 

.0873 

.430 

— 1. 0590 

—.3668 

1. 1215 

+. 3884 


22B 

1031. 56 

.0880 

.435 

— 1. 0555 

—.3611 

1. 1141 

+. 3812 


22C 

1031. 56 

.0889 

.435 

—1. 0511 

—.3618 

1.1048 

-K 3803 


22X 

1031. 56 

. 1501 

.941 

-. 8236 

—.0262 

.6784 

+. 0216 


22Y 

1031. 56 

. 1203 

.681 

-. 9197 

— . 1672 

.8459 

+. 1537 


23A_ 

1031. 56 

. 1468 

.913 

8333 

—.0394 

.6943 

+.0328 


23X 

1031. 56 

. 1930 

1. 380 

— . 7144 

+. 1400 

.5104 

1000 


24 A 

1031. 56 

. 2339 

1.843 

6310 

+. 2 656 

.3981 

— . 1676 


24X 

1031. 56 

. 2648 

2. 229 

~. 5771 

+. 3481 

.3330 

-.2009 


25 A 

1031. 56 

.3025 

2. 716 

—.5193 

4-. 4339 

. 2696 

-.2253 


25 B 

1031. 56 

.3021 

2.716 

-. 5199 

4-. 4339 

.2702 

-. 2255 






-9.8436 

1912 

8. 6391 

+. 9974 



12 A = 9.8436 n - 0. 1912 

8. 6391 n — 0.9974 = 9.8436 A 




A = 1. 2049 « Log K m L 


n ■» 1.4883 




| Km L — 16. 03 L — 4. 1670 

Am = 3.847 


7 

7 A 

1033.91 

0. 0894 

0. 434 

— 1.0487 

—0- 3627 

1.0997 

+1.4290 


7X 

1033. 91 

.0578 

.226 

— 1. 2381 

-.6453 

1.5328 

+. 7989 


SA 

1033.91 

.1476 

.914 

—.8309 

-.0392 

.6904 

+.0326 


9A 

1033.91 

.2381 

1. 841 

—.6232 

+.2652 

.3884 

—.1653 


9X 

1033 . 91 

.1916 

1.343 

7176 

+.1281 

.5150 

-.0919 


9 Y - 

1033. 91 

.1918 

1.349 

— . 7 172 

+. 1299 

.5143 

-.0931 


10A 

1033.91 

.3083 

2.725 

-.5110 

+.4354 

.2612 

—.2225 


lOB. 

1033. 91 

.3761 

3.677 

— . 4247 

+.5655 

.1804 

-.2402 


10O 

1033.91 

.3424 

3.162 

— .4655 

+. 5000 

.2167 

-.2327 


10D 

1033.91 

.3392 

3.154 

—.4695 

+. 4989 

.2205 

—.2343 


10E 

1033.91 

.3748 

3. 671 

—.4262 

+. 5648 

.1817 

— . 2407 


10 T — 

1033.91 

.2749 

2.286 

—.5608 

+. 3590 

.3145 

—.2013 






-8.0334 

+2. 3996 

6. 1156 

—.5101 



12 A. — 8. 0334 n+2 . 3996 

6. 11 56 n + 0. 5101 =* 8. 0334 A 




A - 1.1951 = Log Km L 


n — 1. 4864 





n L — 15. 67 L — 4. 1670 

Am * 3. 760 



The runs were divided into groups, made with, the gates at the same elevation. 
At the bottom of each of these groups the calculations for the values of K m and 
for n for that elevation are shown. 

An explanation of the laws of hydraulic similitude and the transference of 
results from model to prototype are given below. 4 The subscript v denotes proto- 
type quantities, and the subscript denotes model quantities. The scale ratio 
of the model is denoted by N. On page &95 it was stated that 



Qv = QmN 6 ' 2 

(3> 

also, in the case of the quantity of water flowing over a dam 

Q-p = KpLpH^p 

(2) 

and, for the model 

Qm~ 

(3) 

from (1) and (3) 


(4) 

equating (2) and (4) 

K v L v H,n* = K m L m H m n 

(5) 

but 

L v —NL m H v —NH m 



4 Chick, Alton C., John E. Freeman's Hydraulic Laboratory Practice, p. 796. 



4 UO 


THE USTORRIS PROJECT 


substituting In (5), assuming 

K v NL m {NH n ) * = K m L m Hm n NV* 


simplifying 

K^KmN^~ n (6) 

With the value of K m and n for each gate setting a table of values for K p and n 
were obtained and are shown in table 158. Values of K p were calculated using 
equation (6) and the values of K m and n from table 152. The values of n are 
the same whether model or prototype. Table 158 gives the calculated results. 
These data were plotted as shown on figure 337. 


Table 153. — Calculations of prototype coefficient of discharge from observed data 
K V rot.=K m cdeX X A r i.*-n Vhere JV-72 and bog iV~ 1.8573 


1 

2 

3 

4 

5 

6 

7 

Gate elevation 

See table 
152 

| n 

1.5 — n 

Log NX 
(1.5-ft) 

JV 1.5— n 

K Model 

K Proto* 
type 

1020.00 

1-618 

—0. 118 

-0. 2182 

0.6050 

4.244 

2.568 

1020.00 

1.600 

— . 100 

1852 

.6529 

4.202 

2.743 

1022.00 — 

1.600 

— . 100 

-.1839 

.6548 j 

4.097 

2.683 

1023.01 

1-575 

— . 075 

— , 1400 

.7244 

4.001 

I 2. 898 

1025.03 

1.543 

—.043 

0797 

.8324 

3.960 

3. 296 

1027-11- 

1.523 

—.023 

-.0422 

.9075 

3. 963 

3.596 

1028.93 - 

1. 504 

—.004 

0076 

.9826 

3. 909 

3.841 

1031.41 - 

1.505 

—.005 

-.0095 

.9784 

3.913 

3.828 

1031.54. 

1. 497 

4-. 003 

4-. 0061 

1.0142 

3.872 

3. 927 

1031.56 

1.488 

4-. 012 

4-- 0217 

1.0513 

3.847 

4.044 

1033.91. . 

1.487 

4-. 013 

4~. 0251 

1.0594 

3.760 

3.984 






All the curves in figure 837 are interdependent- For instance, if the prototype 
coefficient curve is changed slightly, then the other three curves must be changed 
accordingly in order for the given values to cheek. All the plotted points are 
not given the same weight on the curves as there are more observations on some 
than on others. 



Values of K v and n were read from these curves for each foot of gate eleva- 
tion. By substituting these values in the equation Q~K P LH n , and using differ- 
ent values of fT, the discharge table, table 154, was prepared. 

Table 154 was compiled to furnish material for the construction of discharge 
curves. Therefore, only a sufficient number of points was calculated to fix 
the curves. Additional points may be calculated from the values given at the 
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bead of the column. The results in this table were plotted and are shown in 
figure 338. This diagram is based on having all the gate crests at the same 
elevation. 


Table 154. — Discharge table computed from the formula Q=KLH n 
[Discharge (Q) for all three gates at the same elevation] 


Head 

over 

| Quanti- 

1 

cubic 
} feet per 
| second 

! 

Reser- 

voir 

water 

surface 

eleva- 

tion 

Quanti- 
ty in 
cubic 
feet per 
second 

Reser- 

voir 

water 

surface 

eleva- 

tion 

Quanti- 
ty in 
cubie 
feet per 
second 

Reser- 

voir 

water 

surface 

eleva- 

tion 

Quanti- 
ty in 
cubic 
feet per 
second 

Reser- 

voir 

water 

surface 

eleva- 

tion 

1 Quanti- 
ty in 
cubic 
fee t per 
second 

Reser- 

voir 

water 

surface 

eleva- 

tion 


: 










in feet 

Gate elevation 

Gate elevation 

Gate elevation 

Gate elevation 

Gate elevation 


1,020 

1,021 

1,022 

1,023 

1,024 


n = 1.617 

; n-- 

= 1.608 

71=1.597 

n- 

= 1.584 

ft=1.566 


K P 

=2.568 

Kp= 

=2.017 


=2.696 

K P — 2.809 

ET P =3.002 


Kp-L- 

=770.4 

K P L= 785.1 

K P L 

=808.8 

K P L=8 42.7 

KI p i=900 .6 

1 

770 

1,021 

785 

1, 022 

809 

1,023 

843 

1.024 

901 

1,025 

2 

2,364 

1,022 

2. 393 

1, 023 

2, 447 

1,024 

2,527 

1,025 

2,667 

1, 026 

3 — - 

4, 544 

1,023 

4, 594 

1. 024 

4,676 

1,025 

4,804 

1,026 

5,032 

1.027 

4 

7,252 

1,024 

7,296 

1, 025 

7,404 

1,026 

7,577 

1,027 

7,895 

1, 028 

8 

13, 970 

1,026 

14, 010 

1, 027 

14. 150 

1,028 

14,400 

1,029 

14,900 

1, 030 

8 

22, 25C 

1,028 

22, 240 

1, 029 

22, 400 

1, 030 

22,720 

1,031 

23,380 

1, 032 

10 

31, 920 

1,030 

31, 840 

1, 031 

31, 990 

1, 032 

32,360 

1,033 

33,150 

1, 034 

12 

42,860 

1, 032 

42, 690 

1,033 

42, 810 

1,034 

43, 190 

1,035 

44,110 

1, 036 

14 

55,000 

1,034 

54, 700 

1,035 

54, 760 

1,036 

55, 140 

1,037 

56,150 

1,038 

16 

68, 260 

1, 036 

67,810 

1,037 

67, 770 

1, 038 

68, 130 

1,039 

69,210 

1,046 

20 

97, 920 

1, 040 

97, 080 

1,041 

96, 790 

1, 042 

97, 030 

1, 043 

98,160 

1.044 

24 

131, 500 

1, 044 

130, 100 

1, 045 

129, 500 

1, 046 

129, 500 

1, 047 

130,600 

1 048 

28_ 

168, 700 

1,048 

166, 800 

1,049 

165, 700 

1, 050 

165; 400 

1, 051 

166,300 

1, 052 

32 

209,400 

1, 052 

206, 700 

1, 053 

205, 100 

1, 054 

204,300 

1,055 



36. 

253,300 

1, 056 




















Gate elevation 

Gate elevation 

Gate elevation 

Gate elevation 

Gate elevation 


1,025 

1,026 

1,027 

1,028 

1,029 


71 = 1.549 

77=1.535 

« =1.524 

72 = 1.515 

77=1.508 


K P =3.220 

Eo=3-410 

Kp =3.574 


=3.704 

KIp=3.796 


K*Z/=9660 


= 1,023 

IKp£=l,072 

KpZ=l,lll 

Kp£=l,139 

1 

966 

1,026 

1, 023 

1, 027 

1,072 

1,028 

1, 111 

1, 029 

1, 139 

1,030 

2 

2,826 

1,027 

2, 965 

1,028 

3,084 

1,029 

3, 176 

1, 030 

3,239 

1,031 

3 

5,294 

1,028 

5,524 

1, 029 

5, 720 

1,030 

5,870 

1,031 

5,970 

1,032 

4 

8, 266 

1,029 

8, 591 

1, 030 

8,868 

1,031 

9, 076 

1,032 

9,212 

1,033 

6. 

15, 490 

1,031 

16,010 

1,032 

16, 450 

1,033 

16, 780 

1,034 

16, 980 

1, 035 

8 - 

24, 180 

1, 033 

24, 900 

1, 034 

25,500 

1, 035 

25, 940 

1,036 

26,200 

1,037 

10 

34, 160 

1,035 

35,070 

1, 036 

35, 830 

1, 037 

36, 370 

1,038 

36.680 

1,039 

12 

45,300 

1,037 

46,390 

1, 038 

47, 310 

1, 039 

47.950 

1,040 

48,290 

1,041 

14 

57, 510 

1,039 

58, 770 

1, 040 

59, 840 

1, 041 

60,560 

1,042 

60,930 

1,043 

16 

70, 720 

1, 041 

72,140 

1, 042 

73, 340 

1,043 

74, 140 

1,044 

74,520 

1,045 

20 

99, 910 

1, 045 

101,600 

1, 046 

103, 100 

1, 047 

104,000 

1,048 

104,300 

1, 049 

24 

132, 500 

1, 049 

134, 400 

1, 050 

136, 100 

1, 051 

137,000 

1,052 

137,300 

1, 053 

SS 

168,200 

1, 053 

170,300 

1, 054 

172, 100 

1, 055 












Gate elevation 

Gate elevation 

Gate elevation 

Gate elevation 

Gate elevation 


1,030 

1,031 

1,032 

1,033 

1,034 


n=1.502 

n =1.497 

71=1.493 

n= 

=1.489 

n- 

= 1.486 



=3.865 

Kp=3.918 

Kp=3.951 

K„=3.972 

K 0 =3.9S5 


K P L= 1,160 1 

Eph= 1,175 

K,£- 1,185 

K P X= 

=1,192 

JK,yjj L/ = 

=1.196 

1 

1,160 

1,031 

1, 175 

1,032 

1, 185 

1, 033 

1, 192 

1,034 

1, 196 

1,035 

2 

3,284 

1, 032 

3,318 

1, 033 

3, 336 

1,034 

3, 345 

1,035 

3, 349 

1. 036 

3 

6,038 

1, 033 

6,089 

1, 034 

6,112 

1, 035 

6, 119 

1,036 

6, 117 

1,037 

4 

9,302 

1,034 

9,367 

1, 035 

9,391 

1,036 

9,392 

1, 037 

9,380 

1,038 

6 

17,100 

1,036 

17,190 

1,037 

17,200 

1,038 

17,180 

1, 039 

17,140 

1,040 

8 

26,350 

1, 038 

26, 440 

1,039 

26,430 

1,040 

26, 370 

1, 041 

26,280 

1,042 

10 

36,840 

1,040 

36,930 

1, 041 

36,880 

3,042 

36,770 

1,043 

36, 610 

1,044 

12 

48,440 

1,042 

48,520 

1,043 

48,420 

1,044 

48,230 

1, 045 

48,000 

1,046 

14 

61,060 

1,044 

61, 120 

1,045 

60, 950 

1,046 

60,680 

1, 047 

60,350 

1,048 

16 

74,620 

1.046 

74,640 

1, 047 

74,400 

1,048 

74,030 

1,049 

73,600 

1, 050 

20 

104i 300 

1,050 

104,300 

1, 051 

103,800 

1,052 

103,200 

1,053 

102,500 

1,054 

24. 

137, 200 

1,054 

j.37, 000 

1, 055 
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The results of the coefficient test show that the spillway will discharge the 
quantity anticipated in the preliminary design calculations and have a small 
margin of safety in the fbrm of additional discharge. 

A discharge curve for xhe prototype spillway was the major requirement of 
the coefficient experiment, but in order to show the results iu a more conven- 
tional form the values of G in the formula Q—CLH Z/2 as shown, in table 151 
were plotted against reservoir elevations. In order to obtain a smooth curve 
through these observed points on cross-section paper, especially when there were 



only four or five observations, values of C for each curve were calculated. For 
each observed gate elevation, values of the head covering the observed range 
were assumed and values of G calculated by use of the formula C=K v H v n ~ z ' 2 ' 
This equation is derived as follows : 


Q-p — and Q v — JC v L v H v n (1) and (2) 

equating (1) and (2) 

CL V H** = K P L V H V » (3) 

or 

(4) 

The values of K v and n were taken from the curves on figure 337. Curves 
were then drawn through these calculated points. As can be seen on figure 339, 
these are smooth curves and pass through the observed points very consistently, 
hut there is no way of interpolating results for gate elevations between those 
observed directly. 

By the above method, curves showing C plotted against reservoir elevation for 
gate elevations of 1,020, 1,022, and so forth, were plotted and are shown on 
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figure 340. Tliese curves were constructed to make possible a comparison 
between the results of these tests and tests on other models that have been 
calculated for C in Q—CLH Z ' 2 . 



COEFFICIENT OF DISCHARGE IN Q«CLH 3 /2 

Figure 339 . — Coefficient of discharge (C) in Q = CLIP 12 — Reservoir elevation for com. 

parison -with observed data. 



Figure 340 . — Coefficient of discharge (C) in Q = CLH Z/2 — Reservoir elevation for com- 
parison with other similar data* 
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The fact that the curves cross each other can be explained by a studv of 
chanpn g crest section as the .gates are raised. The angle between the 
on the upstream face of the crest section and the chord of the gate secHnn 

floTradicIu/ raPldly 38 “ e Sat6S are raised ’ tlLUS caging the conditions of 

th^date SUltS W6re checked ’ aEd the Pitted curves show the final analysis of 

prototype.* UeS ° f ° “ Q=GLH ' m are assumed to be the same for model and 

Pressures on dr um gates* 

Eight piezometer openings were Installed in one of the drum gates and 

Jo glass tubes by means of rubber tubing. These pte“ometer openings 
were referenced to the gage board in such a manner that the capillary attraction 
m the glass tube was taken into account. The pressures were read in feet of 
on the glass gage tubes. While the above mentioned callbration 

runs were m progress, a series of readings on the gage tubes were observed fon 
each gate elevation and head over the gate. Thesl l^uTts wSI faansfSrfd ?n 

of 0 the y datribtained. Pl ° tte<:1 ' The CUrVeS shown ln fl = ure 341 are representative 



Tests on training walls. • 

waU on S^dotras^eam 1 face^f^he d P m r it a was feh^h ^ e i h alonff the training 
modified to contain less vardaae nf H® 1 -* that t3lese walls might be 

the reservoir at ellvation l 059 wW o ?f 2 and aU gates set «» as to hold 
180000 cubic feettrsXd'^ to 120,000, 160,000, and 

beredSto “of aSt* St^T* °* the training wall could 
concrete. The point of intersection^/ - aad result 111 a saving of 
zontal wall could be moved ® Io P m S training wall with the hori- 

maln'n g a steener Slone than to the , down stream face of the dam, thus 

It wa.s al^^lesfred^to^o/taiif pressures* or/the^sides 11 ^/ me ""V 

the power house side of the anron a i - of training wall on 

opM,*, «™” P K 
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and connected to glass gage tabes by means of rubber tubing. Runs of 20,000, 
40,000, 60,000, 80,000, 120,000, 160,000, 200,000, 240,000 cubic feet per second were 
made, and a series of observations made on the gage tubes for each run. A rep- 
resentative group of results together with the location of the openings are shown 
in figure 842. 



At higher discharges the section of wall from the front face of the powerhouse 
extending downstream is in effect an overflow dam. For all discharges above 
185,000 cubic feet per second, water flows over the top of the wad from the 
powerhouse tailrace into the stilling pool and at 240,000 cubic feet per second 
reaches a depth of 10 feet. This action is shown to be maximum at section 4, 
and there is a slight negative pressure near the top of the wall. The water sur- 
face in the stilling pool is high enough at section 5 to make the effect negligible. 
There is, however, a flow over the wall into the stilling pool from the front 
edge of the powerhouse to the end of the apron. 

Velocity studies. 

Measurements of the velocities on the apron of the model were made for 
comparison with the computed velocities on the prototype to determine the 
magnitude of the error which results from the fact that the model might not 
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have relatively the same coefficient of roughness as the prototype. The results 
of the comparison of the velocities measured on the model with those computed 
from the prototype showed only a small difference between observed and com- 
puted values. Table 155 gives a summation of the results of the velocity 
studies. 

Table 155. — Comparison of velocities measured on model and converted to prototype and 
velocities computed from prototype 


Quantity 

in 

cubic feet i 
per ! 
second | 

Theoretical 

Friction loss in 
velocity head 
feet of water 

Net 

Percent 

difference 

calculated 

and 

measured 

velocities 

Velocity 

F. p. s- 

Velocity head 

Ft. 

Velocity ! 
F. p. s. 

V elocity 
head 
Ft. 

Com- 

puted 

Meas- 

ured 

Com- 

puted 

Meas- , 
ured 

Com- 

puted 

Meas- 

ured 

1 j 

2 

3 

4 

5 

6 

7 

8 

9 

10 

40,000 

122.6 

233.9 

92.9 

102.2 

95. 2 

91.6 

141.0 

130.6 

3.74 

120,000 

124.8 

242.0 

38.5 

41.4 

114.4 

112.6 

203.5 

197.1 

1.61 

200,000 

124.4 

241.0 

22.5 

20.6 

1 

118.4 

117.7 

218.5 

215.5 

0. 56 


Gate operating program. 

For the purpose of determining a gate operating program, a series of runs 
was made with the gates set at different elevations from the fixed crests. All 
combinations of one gate at elevation 1,020 and the other two at elevation 1,084 
were run with the reservoir elevation held at elevation 1,034 and also at 1,052. 
Similarly, all combinations of two gates at elevation 1,020 and one at elevation 
1,034 were run with the reservoir held at elevation 1,034 and also at elevation 
1,052. 

.Results show that when the gates are at widely different elevations the con- 
ditions in the stilling pool are not satisfactory. The jets from the gates at 
widely different elevations combine on the rollway and set up a disturbance be- 
fore the water enters the pool. For instance, with the center gate up and the 
two outside gates down, the jets from the outside gates spread in under the jet 
from the center gate because it strikes farther down on the rollway. This dis- 
turbance is carried down through the pool. 

In testing for an operating program the possibility of some irregularity that 
might cause one or more of the gates to become inactive was considered. For 
instance, a test was made of the action with gates 1 and 2 at elevation 1,034 
and gate 3 at elevation 1,020. The results show bad conditions in the pool but 
not serious enough to cause alarm over the safety of the structure. 

The most undesirable condition resulted when the tail water was at a mini- 
mum, the reservoir at elevation 1,034, all gates at elevation 1,034, and one of 
them suddenly dropped to elevation 1,020. This allowed approximately 18,000 
cubic feet per second of water to rush into the pool. Although the tail water 
was swept off the sloping apron and into the fiat part of the apron, whirls soon 
developed which prevented the tail water from being swept past the sill. The 
tail water very quickly filled up sufficiently to control the jump. 

Undesirable conditions were caused when the gate farthest from the power- 
house was completely down and the center gate and gate nearest the powerhouse 
were completely raised. This condition results because there is more area in 
the whirl when it turns toward the powerhouse rather than away from it. A 
larger whirl is of more severe proportions. With the gate nearest the power- 
house completely down and the other two completely raised, the whirl beyond 
the end of the apron can turn both into the tailrace and toward the right bank 
and is somewhat dissipated in this dividing process. This causes less undesir- 
able conditions. 

STUDIES OF AUXILIARY PASSAGES 

Outlet conduits. 

The outlet conduits could not be built directly through the model of the dam, 
because the model was located over a concrete wall which was part of the 
permanent building. (See fig. 333.) Instead, the water was brought under 
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the model through an S-inch pipe and carried through the dam parallel to its 
axis. Outlet conduits were opened out of this header pipe perpendicular to the 
center line and carried through the downstream face of the dam. Figure 330 
shows this model set-up. A. single slide gate at the entrance from the forebay 
was the only control provided at first. 

As originally installed, each of the eight ontlet conduits was carried through 
the model with the center line at elevation 865. Visual observations and pic- 
tures were made of the action of the stilling pool with conduits wide open and 
the pond held at elevation 1,034, with the conduits closed and various flows 
over the spillway, and with all conduits open and 200,000 cubic feet per second 
flowing over the spillway. 

With this set-up, the jets from the outlet conduits fell into the pool near the 
toe of the slope and caused serious disturbances. The set-up was generally 
very unsatisfactory, even with the addition of deflectors above the openings. 

In the next tests the center line of the slide gates remained at elevation S65, 
and the invert of the outlet conduits changed to follow a parabola from the slide 
gates and connect with the tangent to the 60-foot-radius bucket at elevation 
828.5. (See fig. 26.) The procedure of testing followed closely that given above 
except the various sills and diffuser baffles used on the apron were also tested 
in conjunction with the sluices to see if a more eveu distribution of velocities 
across the apron and sill could he obtained. Also, controls were made for each 
conduit so they could be operated singly or in combinations. The conduit was 
either completely opened or closed at all times, as this was the assumed method 
of operation expected on the prototype. 

In the original design the conduits were brought through the dam in pairs. 
As a result, the jets impinging on the spillway pool caused unsatisfactory condi- 
tions. It was hoped to remedy these conditions by spreading the outlets more 
evenly across the bucket. Accordingly, four couduits were held with a center 
line perpendicular to the axis of the dam, and the other four (one of each pair) 
were diverged at an angle of 11° from the other one in the pair. (See fig. 343.) 
The invert was held at the same slope as before. Procedure similar to the 
above was followed in testing. 

Tests were made on this set-up to determine the pressures existing in the 
sluiceways when water was flowing over the dam and not through the conduit 
openings. To do this, two conduits were sealed from the header and two 
openings inside each conduit were connected to gages. Runs were made with 
flows of 20,000, 40,000, 80,000, 120,000, 160,000, and 200,000 cubic feet per second 
and a series of observations on the gage taken for each run. The results of 
these tests are given in table 156. 

As a means of decreasing the negative pressure found in the conduits, a 
parabolic hump was incorporated into the dam extending from the 0.7 slope 
down to the 60-foot-radius bucket through which the sluices opened. Testing 
procedures similar to those previously described were used for these tests. 
Table 156 shows the results of these tests. 

Various types of hoods on the face of the dam above the conduit openings 
were tested on the model prior to installing the parabolic hump. Pressures 
shown in table 156 in the conduits were measured, as stated above, on the best 
form of these hoods. 

The results of these tests show a comparatively wide range of pressures in 
the outlet passages as the quantity over the spillway is increased from very 
low flows to maximum discharge. The negative pressures might be useful in 
increasing the discharge through the conduits when they are operating in con- 
junction with the spillway, but at the same time if the outlet conduit control 
gates were closed and water was flowing over the spillway, these gates would 
have to be stronger to withstand the pressure. As the pressure varies for 
different flows, the effect could not he relied upon to assist in the flow through 
the conduits. 

Conditions were improved by diverging the outlets, hut neither the action of 
the water flowing over the dam and past the outlets or the general appearance 
of the dam was satisfactory. To correct these factors, the shape of the outlets 
through the face of the dam and bucket was changed. 

The first change was to maintain the sides of the straight conduits parallel 
to their center lines. In the diverging conduits, the side farthest from the 
straight conduit was made parallel to the center line of the diverging conduit. 
The side of the conduit next to the straight one was made parallel to the center 
line of the straight one. 
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From a review of the results obtained from the outlet conduit tests and a 
study of the results of the pressure tests, it was decided to change the operat- 
ing program for the model. This change was to allow the outlet conduits to 
discharge their maximum capacity as the flood approached and to remain open 
after the spillway came into action. At the maximum discharge of 240,000 
cubic feet per second, the outlet conduits would be discharging 40,000 cubic 
feet per second and the spillway 200,000 cubic feet per second. This procedure 
would greatly reduce the probability of erosion on the floors of the outlet 
conduits at the openings and would eliminate the necessity of deflectors of any 
type over the outlet openings. 

Table 156. — Pressures in outlet conduits 




Model pressure from 
water column 

Ft. 

Prototype pressure 
calculated 

Ft. 

prototype cnscnarge m cudic leez per second 

Straight 

outlet 

Diverging 

outlet 

Straight 

outlet 

Diverging 

outlet 

1 

2 

3 

4 

5 

20.000: 

a _ 

-0. 0063 

—0. 0059 

-0. 454 

-0.425 

b__ 

— . 0698 

0888 

-5. 026 

-6. 394 

c 

— . 0286 

— . 0170 

—2. 059 

-1.224 

40,000: 

a. 

— . 0240 

— .0246 

—1.728 

-1.771 

b 

— . 0697 

— .1512 

—5.018 

—10.886 

c 

—.0421 

— .0544 

—3. 031 

-3.917 

SO 000: 

a 

— . 1378 

— .1439 

—9.922 

—10.361 

b 

+. 0374 
— . 0568 

— . 1058 

4-2.693 

—4.090 

—7. 618 

c 

— .2656 

— 19. 123 

320,000: 

a 

—.1101 

—.1169 

—7. 927 

—8. 417 

b 

+. 3 134 
— . 1031 

— . 0481 

4-8. 165 
—7. 423 

—3. 463 

c 

— . 2826 

-20. 347 

160. 000: 

a 

— . 0681 

— . 0664 

—4. 903 

—4. 781 

b 

+. 3099 
— . 0621 

4-. 2169 
— . 2441 

+ 13. 457 
—4. 471 

+5. 321 
— 17.575 

c 

200, OOO: 

a, 

-f. 0119 
4*. 1S69 
4*. 0549 

— . 0024 

+.857 
+22. 313 
+3. 953 

— . 173 

b 

4-- 0739 
—.0796 

+15. 617 
-5. 731 

c 



a = 60-foot radius deflectors, each deflector covering two outlets, 
b =» No deflectors over outlet openings, 
c = Parabolic hump over outlet openings. 


Because half of the outlet conduits came through the dam perpendicular to 
the axis and the other four at an angle to the axis, different conditions existed 
in the pool when different conduits were operated singly or in combination. 
This necessitated the determination of an operating program for the conduits. 
From, a series of tests in which the conduits were operated singly and in com- 
binations of twos, threes, fours, etc., the results showed that the gates should 
be opened in the following order to give best flow conditions. The sluiceways 
are numbered from left to right looking downstream. Outlet No. 3 should® be 
opened first, then No. 6, then No. S, then No. 1, then No. 4, then No. 5, then 
No. 2, then No. 7. 

This latest change showed a decided improvement, but the symmetrical ap- 
pearance of the dam was disturbed. (See fig. 343.) In order to improve the 
appearance of the openings and further spread the discharge jets, the sides 
of the outlets of the straight sluices were diverged with respect to their center 
lines, an amount such that the width of the floor and the openings was equal 
to the floor width at the openings of the diverging sluiceways. 

Needle valves. 

In the original design of the dam, two 72— inch needle valves located in the 
river end of the powerhouse and discharging into the tailraee next to the spill- 
way training wall were included. Operation disclosed imm ediately that the 
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discharge of the jets of water in the tail race caused unsatisfactory conditions. 
A solution was worked out and recommended with possible modifications, but 
as later plans for the project eliminated the needle valves entirely, further 
study was unnecessary. 

Powerhouse water discharge. 

After the first sis tests were run on the model, the powerhouse was so con- 
structed as to simulate turbines discharging through draft tubes. The correct 
flow was maintained through the powerhouse and the tail water held at the 
height corresponding to the flow, and visual observations were made. 

No quantitative studies of the flow conditions from the powerhouse were 
made. With the maximum flow (8,000 cubic feet per second) coming from the 
powerhouse, no undesirable conditions were observed with either the spillway 
or the outlet conduits, or both, discharging. 
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Figure 343. — Details of outlets. 


COMPARISON OF PROTOTYPE WITH MODEL 

Unusually heavy rains on the Ohio River drainage basin in December 1936 and 
January 1937 resulted in flood stages all along the Ohio River. During this period 
practically the entire flow of the Clinch and Powell Rivers above the dam was 
stored in the reservoir. This necessitated raising the spillway drum gates a 
maximum of about 11 feet above the concrete spillway crest to hold back the flood- 
waters. Late in January it was seen that moderate discharges would not cause 
further rises on the Ohio and Mississippi Rivers, and accordingly water was 
released to provide storage space for possible additional run-off. Much of the 
release was accomplished by lowering the crest gates and allowing the water 
to discharge over the spillway. 

Stilling basin . 5 

Advantage was taken of this opportunity to observe the action of the spillway 
and stilling basin for heads on the gates up to 9.7 feet and for spillway dis- 
charges up to 30,000 cubic feet per seeond. Several special arrangements of the 
gates were tried out in order to compare the results with the model tests. 

Observations of flow over the spillway and through the outlet conduits of the 
prototype lead to the following conclusions : 

1. The hydraulic jump forms satisfactorily when all three spillway gates are 
operated alike. 

* Hickox, G. H., Performance of Norris Stilling Basin During 1937 Flood, Tennessee 
Valley Authority, July 1938. 
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2. Operation of the stilling basin is not satisfactory when the spillway gates 
are not operated alike. Symmetrical arrangement of gate openings is not a 
sufficient condition for satisfactory operation of the stilling basin. The arrange- 
ment of openings must be uniform as well as symmetrical. 

3. The stilling basin does not operate as well for outlet conduit discharge as 
for spillway discharge over uniformly operated gates. Whenever the desired 
discharge can be obtained by spillway operation alone, outlet conduit discharge 
should he avoided. 

4. At low discharges, and with water flowing over the raised drum gates, 
waves exist on the face of the spillway. They are caused by vibration of the 
nappe as it falls over the gate to the crest of the dam. The vibration of the 
nappe is apparently not due to a lack of air supply beneath it. The true cause 
is not known. 

5. When the gates are raised above the crest, air is drawn beneath the nappe. 
It escapes through the nappe a short distance below the crest of the dam, making 
the sheet of water on the face of the spillway thicker until all the air has 
escaped. 

6. When the gates are lowered to the crest, entrainment of air at the surface 
of the water appears to be governed by the depth of water over the crest. The 
greater the depth, the greater is the distance traveled before entrainment of air 
begins. Since both the depth of flow and the distance traveled are greater, the 
velocity must also be greater. It seems probable that depth of flow, as well 
as velocity, is a factor governing the entrainment of air. 

7. Performance of the prototype agrees well with the results of model tests 
for all conditions observed. Observations of stilling-basin operation for much 
higher discharges are desirable in order that the prediction of the model may 
be verified over as great a range of conditions as possible. 

Comparison of the operation of the prototype with the model, while not exact, 
owing to the fact that similar conditions were not obtained, nevertheless offers 
good enough agreement to show the value of model tests. In all cases the 
model predicted faithfully the salient characteristics of flow and the general 
type of operation of the stilling basin. 

ARCHITECTURAL STUDIES 

The only purely architectural studies made were on the spillway bridge and 
piers. The original bridge was designed as a through-truss type in 100-foot 
spans from pier to pier. This was replaced by a pony-type truss and finally by a 
plate girder bridge. The latter necessitated changes in pier design, which, when 
tested, produced no undesirable results. In the final set-up, elevator towers 
(one of which was later eliminated) at each end of the spillway were bnilt. 

The results of the architectural studies in connection with the sluice open- 
ings are shown in figure 344. The appearance of the completed project was kept 
constantly in mind in conjunction with all changes. Both the through-truss 
type and the pony-truss tyne bridge appeared to he somewhat out of proportion 
when placed across the spillway. The plate girder bridge appeared to he much 
more in keeping with the other features of the dam and added greatly to the 
appearance of the structure. The change in design of the downstream face of 
the piers to support this bridge was beneficial to the aeration of the jets from 
the gates when they were near to and at their maximum elevation. Clearance 
beneath the structure was as good as in previous designs. 

STRUCTURAL MODEL STUDIES 

In connection with the design of the dam, it was deemed advisable to check 
at least part of the mathematical analyses by use of a structural model. The 
model permitted not only a check of some of the mathematical analyses but 
also the observation of some deflections and stresses which would not have 
been obtainable by other means. 

The United States Bureau of Reclamation, which conducted the tests 0 for 
the Authority, had previously conducted similar tests and was well equipped 
with both experienced personnel and proper equipment with which to conduct 

* Smith. B. 3>„ Tests on Flaster-eelite Model of Abutment Section of Norris Dam, U. S. 
Bureau of Reclamation Technical Memorandum No. 433, January 31, 1935. 
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rhe Norris Dam tests. The work on the \ T nrr?« 

the testing methods applied to a model of Grand Coulee Dam ^LcorporaUng 
changes and improvements that the previous work Indicated “o be desirable® 
particularly these changes included increased depth and the extent of toundl- 
non, provision for discontinuities in the foundation, and means for measuring 
stress concentration at the corners. xueassunnfe 



(A) Original design. 



3 >: 


(B) Final design — Outlet conduits. 

Figure 344 . — Results of architectural studies. 

The first work of importance on model studies of this type for gravity dams 
was that of Wilson and Gore . 7 8 The model arrangement used in the Norris tests 

7 Smith. E. IX. Model Tests of Grand Coulee Dam, U. S. Bureau of Reclamation Technical 
Memorandum No. 372, March 1, 1934. 

T J °hn S., and Gore, William; Stresses in Dams: An Investigation by Means of 

lnaia Rubber Models. Minutes of the Proceedings of the British Institute of Civil Engineer- 
ing, vol. 172, pp. 107-133, 1907—8. 
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is similar to that used by Wilson and Gore, except that in the case of Norris 
the model was much larger, a liquid live loading was used, and more sensitive 
apparatus was employed for the measurement of strains and deflections. 

Model material. 

A mixture of commercial building plaster and celite, a silica product com- 
monly used as an admixture to concrete, was used for the construction of the 
model. The purpose of the celite was to dilute the plaster to produce a lower 
modulus of elasticity. 9 

The proportions of the material used in the model were 1 part celite, 2 parts 
plaster, and 3 % parts water, all by weight. This mixture ordinarily sets in 
about half an hour when mixed without the addition of retarders or acceler- 
ators. Where setting is too fast, the speed can be retarded by. the addition of 
a small amount of aqua-gel. A very desirable feature of this mixture is that 
it sets at practically constant volume. When freshly mixed, the resulting prod- 
uct has a consistency of pancake batter and will flow easily and completely 



(C) Final design — Spillway bridge and piers. 

Figure 344. — Results of architectural studies. 

fill a form to any shape likely to be used. Some agitation is required to expel 
air bubbles that have become entrained in the mix. The material remains 
plastic even after setting until thoroughly dried. The drying period is usually 
about lO days for a 3-inch thickness. When thoroughly dry, this mix ture forms 
a homogeneous, isotropic, and highly elastic material. The average values of 
modulus of elasticity and Foisson’s ratio determined from test spec im e ns were 
120,000 pounds per square inch and 0.2, respectively. 

Similarity conditions. 

When comparing the behavior of the model with the prototype, it is neces- 
sary that the following relationships be known : 

1. Seale— - 

u 

2. Specific gravity — ^ 

3. Ratio of moduli of elasticity of model and prototype — 


_ ® Simmonds, A. W., Construction of Plaster and Celite Model of Hnovpr nnm tt s 
Bureau of Reclamation Technical Memorandum No. 306, October 1, 1932. °° er Dam ’ U ' 
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The model was loaded with mercury and the dead weight or the dam was 
n reduced by weight hung on the model to balance the liquid pressure in the 
same proportion that concrete would balance a water load. 

With a model scale equal to— and a specific gravity loading equal to G times 

that of water, the unit liquid pressure at the base of the dam will be ^ times that 
of the model, and this ratio will be the same for the stresses. The model scale se- 
lected was -gg- and G equal to 13.6; therefore, the stresses of the dam would be 

or the stresses in the dam would be 4.41 times those of the model. If 

thernodulus of elasticity of the concrete in the dam is equal to E d , and the modulus 
of elasticity of the model is equal to E m , the ratio between unit strain in the model 
and in the dam will be the ratio of the unit stress multiplied by the ratio of the two 

moduli of elasticity or These strains are acting over lengths of the dam 

times the corresponding length for the model. The total deformation of the 
dam given as the deflection at a certain point will therefore be n times the ratio for 
the unit strain compared to the total deformation of the model. The ratio between 

the deflection of the dam and the deflection of the model will be Assum- 

ing a modulus of elasticity for concrete equal to 3,000,000, this ratio will be 
60 X 60 X 120,000— -^ 59, or the deflection of the dam will be 10.59 times the deflec- 
tion oUthe model. This latter comparison can be made only between the model 
slab and a similar slab cut through the dam. If there is a difference in the modulus 
of elasticity of the concrete of the dam and the rock foundation, the deflections 
will be altered. Also, in the actual dam, the lateral restraint of the sections, due 
to the continuity of the structure, will reduce the deflection. 

Stress-strain relations. 

As stated before, the stresses in the model and prototype are connected by 
the relation of scale and specific gravity, but the strain relationship is not so 
simnle The model slab, having no lateral forces acting, is under condition cf 
nlane 'stress while in the dam the lateral forces between sections prevent 
lateral strain so that a section through the dam will also be under plane strain. 
However, since the lateral stresses cannot affect the stress in the plane nor- 
mal to them, the simple stress ratio between model and prototype is not affected. 
In reducing the strain measurements on the model to stresses, a stress-strain 
relationship was developed. 10 

NOTATION 

<zc ev , Maximum and minimum principal strains, respectively. _ 

eD , eV, Measured strains about a point on gage lines making angles ot U , 
45 °, and 90° with the horizontal. 

erx a-v. Maximum and minimum principal stresses, respectively. 
erH, <rV, Horizontal and vertical stress components, respectively. 

u= Poisson's ratio. , , . , 

0=The angle between ex principal strain and the horizontal. 

The three following equations give the magnitude and direction of the prin- 
cipal strains in terms of the measured strains : 

1. eX-\-ey — eH -{- € U 

2. ex— ey= (eH— eV) Sec 26 

_ ^ . 2eD — eH — eV 

3. Tan 2<j>— e fj— e V 

The principal stresses accompanying these principal strains are given by 
these equations : ^ 

a -x= r ^- 2 (ex+M«y); 


Smith, E. D., Model Tests of Grand Coulee Dam. tJ. 
nieal Memorandum No. 372. March 1, 1934. 
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From which it follows that the horizontal and vertical components will be: 

Horizontal shearing stress is given by the following relation: 

T—Yz((rx—ay) sin 2 6 
where again 6 is the angle of ex with the horizontal. 

Design of model. 

It is desirable to have a model of this type as large as space would permit 
since with a given specific gravity the intensity of strain increases in propor- 
tion to the linear dimensions, and because large strains can be measured with 
greater accuracy than small strains. 

In this model the supporting frame was limited to an over-all height of 14 
feet. The dam, as designed at the typical abutment section used in these tests, 
had a total height of 260 feet, so that with a scale of 1 : 60, the model height 



All joints shellacked to insure good bond 
except joints Y-Y which were greased so 
as not to take tension 


Figure 345. — Model and supporting frame. 

was 52 inches. With a foundation depth, of 48 inches, the total height of the 
model and foundation was 8 feet 4 inches. This left 7 feet 8 inches of the avail- 
able space under the model for the supporting frame and loading mechanism. 

The frame for this model was designed to be much heavier than the strength 
reQOirements demanded, in order to insure that the frame would remain rigid. 

Figure 345 shows the design of the reinforced concrete supporting fr am e and 
the model slab. Because of its large size it was necessary to cast the model 
slab in sections which could be assembled in the supporting frame. 

The dead weights of the model were produced by the use of external loads to 
give an equivalent unit weight of 13.6x150, or 2,040 pounds per cubic foot 
With a 3-inch thi c kness of model slab, this gives 3.54 pounds per square inch 
of model section. The dead load was distributed through the dam section by 
dividing tbe surface of the dam section into a large number of subdivisions, and 
through the centers of gravity of these subdivisions steel rods were placed from 
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The surface of the dam was marked off into subdivisions and the centers of 
the subdivisions were drilled to receive steel pins from which the dead load 
weights were suspended. Below each steel pin in the model was a similar pin 
under the concrete beam, and the ends of the two pins were connected by piano 
wire. The center of the lower pin was connected by a ware to a lever through 
which the loads were applied. In this manner the dead loads were symmetri- 
cally applied to the model slabs. 

The live load apparatus was essembled in such a manner as to permit varia- 
tions in tail water and headwater elevations. 

Optical strain gages were used to measure the strain on the face of the dam 
section. Strain gage pins were located in sets of four on the circumference of 
24nch circles. They were arranged with sets of horizontal and vertical gage 
lines alternating with sets of 45° and 185° diagonals. 

Boundary strains at the corners where the dam joined the foundation were 
measured with Huggenberger tensometers. The strain pins for these gages were 
made from lath nails forced into small drilled holes in the model. 

For the measurement of deflection, “East Word 0 dials and Ames dials reading 
to 0.0001 inch were used. These were supported on two invar steel rods, one 
attached to the model and the other attached to a reference member. The 
dials were held rigidly to one rod and measured the amount of displacement 
of the other. The vertical deflections were measured with reference to the 
concrete beam at the bottom of the model, while the horizontal deflections 
were measured with reference to a wooden frame supported by this beam. A 
dial was set at the top of this frame to bear against the bottom cord of a steel 
roof truss to check on the movements of the reference frame. 

Testing procedure. 

Tests were run on this model for deflections and strains due to dead load 
only and for dead load combined with full reservoir and tail water pressures. 
A complete testing cycle consisted of the following operations: 

1. Setting and adjusting the dials and strain gages for the points being 
observed. 

2. Making no-load observations. 

3. Applying dead load. 

4. Making dead load observations. 

5. Applying live load to model. 

6. Making combined load observations. 

7. Releasing all loads. 

For each arrangement of instruments, the above cycle was run a sufficient 
number of times to give good average values. T?o facilitate applying and re- 
leasing the dead load, three wooden beams were placed on each side of the 
concrete frames. The loading weights were tied to these beams as well as 
to the iron levers. When the ends of the wooden beams were lifted, the 
weights of the dead loads were transferred to the beams. When the wooden 
beams were lowered, the dead loads were transferred back to the levers. 

Where horizontal deflections were measured between the model and tlie 
wooden frames, a small vertical deflection of the bottom concrete beam caused 
the horizontal movement of the top of the reference frame. The amount of 
this horizontal movement was registered on a dial bearing on the roof truss 
of the building. In order to eliminate this movement, a screw jack was placed 
under the concrete beam. When the live load was applied, the dial at the 
top of the reference frame was read. The jack was then raised until the 
concrete beam was pushed back to its original position. When this position 
was reached, the dial at the top of the reference frame indicated zero deflec- 
tion. The horizontal deflections of the model could then be read and recorded 
without further correction. 

Strain measurements. 

The strain measurements on the face of the model section and foundation 
were made with a Tuckerman optical strain gage. 11 The smallest displacement 
that can be measured with this apparatus is %oooooo of an inch per inch. 

For the computation of the principal strain at a certain point, it is necessary 
that the strains on three different directions be known. If only one point were 

Dr ' U B ” American Standards for Testing Materials, Proceedings, vol. 
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being investigated, a rosette of six gage points on a circle about the point would 
be required. It was found that this number of rigid plugs set in a soft material 
caused a reduction in the deformation inside the rosette of gage points. Where 
strains were being measured at several points in a row, this difficulty was 
eliminated by setting the horizontal and vertical rosettes alternately with the 
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Figure 347. — Principal stresses — Dead and live loads. 
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45° and 135° diagonals. In this way only four strain gage pins were set in each 
rosette. In arranging the strains for computation, the gage readings were 
plotted as ordinates to a common horizontal scale. A smooth curve was drawn 
through the plotted point for each set of readings : the horizontals, verticals, and 
each of the diagonals. Any vertical line drawn through these curves will then 
give the four strain components for the points from which the vertical line was 
drawn. A check upon the accuracy of the observed readings comes from the 
relation that the sum of two strains at right angles to each other at a point is a 
constant quantity. Therefore, the sum of the horizontal and vertical components 
must be equal to the sum of the diagonal components. Although two different 
diagonal strains were observed, only the 45° diagonal was used in the computa- 
tion of principal strains and stresses. 

Table 157. — Maximum vertical and horizontal stresses computed from strain 

measurements 



Maximum vertical stress 

Maximum horizontal stress 

Eleva- 

tion 

Dead load 

Dead load+IX 

Dead load 

Dead load+I/L 

Station 

No. 

Model 

Dam 

Station 

No. 

Model 

Dam 

Station 

No. 

; 

i 

Model 

Dam 

Station 

No. 

Model 

Dam 

910 

1 020 0 

—21.6 

—95.3 

937. 5 

—18.8 

—82.9 

1, 020. 0 

2.9 

12.8 

980.0 ! 

-7.5 

—33.1 







922.5 

-0.4 

— 1.8 



870 

1, 021. 25 

—47.8 

—210. 9 

1, 021. 25 

-27.3 

-120.4 

988.25 
1, 021.25 
967.5 

1, 042.5 
967.5 

1, 042. 5 

~3.fi 

1.0 

-15.9 

4.4 

988.25 

-11.7 

-51.6 

797 

1,027.5 

-37.4 

—165. 0 

937.5 

-33.4 

-147.4 

-7. 3 
4.5 

-34.4 

19.9 

832.5 

-24.2 

-106.8 

7971 

967.5 

-33.7 

— 148.7 

892.5 

-38.4 

-169.4 

-10.fi 

3.3 

— 14.6 

832. 5 ! 

-35.6 

-157.1 













1 Stresses after grouting gallery had been cut in model. 

Stresses are in pounds per square inch. 

— denotes compression. 

T-iLt denotes live load. 

The maximum value of stresses computed from the strain measurements are 
given in tables 157 to 159, inclusive. A maximum prototype vertical compressive 
stress of 210.9 pounds per square inch occurred at elevation 870 at the upstream 
face and was due to dead load only. No tension in the vertical direction was 
found. A maximum horizontal compressive stress of 157.1 pounds per square 
inch occurred at elevation 797 at the downstream toe of the dam. This stress 
was measured after the grouting gallery had been cut in the section. Small 
horizontal tensile stresses in the model were found due to dead loads. The maxi- 
mum was 19.9 pounds per square inch at elevation 797. It was measured before 
the grouting gallery was cut in the section. No horizontal tension was found 
due to the combined dead and live loads. 


Table 158. — Horizontal shearing stresses computed from strain measurements 



JJLt denotes live load. 

Stresses are In pounds per square inch. 
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The maximum horizantal shearing stress was at elevation 797 at the down- 
stream toe and was due to the combined dead and live loads. Before cutting 
the gallery, this stress was 94.4 pounds per square inch, and after cutting the 
gallery the stress was increased to 101 pounds per square inch. 
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HORIZONTAL SHEARING STRESSES COMPUTED FROM STRAIN MEASUREMENTS 

STRESSES WITHOUT GALLERY CUT IN SECTION 

+ Tension - Compression 


GENERAL NOTES : 

Station 1000.0 coincides with axis of model 
Foundation joint at sta 1067.5 was open at 
time of these tests . 


Reservoir mercury surface was at El ID52.0 
Tailwater ■mercury surface was at El 847.0 
Upstream - left of axis 
Downstream - right of axis 


Figure 348. — Vertical and horizontal stresses and horizantal shearing stresses . 


MflTiTrmTn principal stresses are recorded in table 159. The largest of these 
occurred at elevation 797 after the gallery was cut and was due to dead load. 
The maximum compressive stress was 238,4 pounds per square inch and occurred 
at the downstream toe. The maximum tension occurred at the same elevation 
but nearer the center of the base and was 43.7 pounds per square inch. 

A comparison of the stresses obtained analytically and experimentally is given 
in table 160. The variation in the twq sets of stresses is due to the fact that 
the analytical stresses were biased on the straight-line distribution of stress. 
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the experimental stresses were based on strain measurements of the model. 
The reservoir water surface elevation was 1,047 for the analytical stresses and 
1,052 for the experimental. The highest stresses obtained analytically were 
those which occur parallel to the faces of the dam. These are compared with 
the larger principal stresses that occur nearest the point used in the 
computation. 

Table 159 . — Maximum principal stresses computed from strain measurements 


Maximum principal stress 


Eleva- 

tion 

Dead load 

Dead load-f-DL 

Dead load 

Dead load-f LL 

Station 

No. 

1 

Model 

| Dam 

Station 

No. 

Model 

Dam 

Station 

No. 

Model 

Dam 

Sta- 

tion 

No. 

Model 

Dam 

9X0 

1,020.0 

3.0 

13.2 

922.5 

1, 020. 0 

4.6 

-2.4 

20.3 

—10.6 

1, 020. 0 

—21.8 

-96.2 

922.0 

-30.4 

-134. 1 

870 ! 

988. 25 
1,021.25 

-3.5 

2.0 

—15.4 

8.8 

1, 021. 25 
897.5 

—10.5 

2.1 

—46.3 

9.3 

1, 021. 25 

—48.8 

-215.3 

897.5 

-38.1 

-168. 1 

797 

1, 042. 5 
967.5 

9.4 

-7.8 

41.5 

—34.4 

952.5 

1, 042. 5 

-43.3 

4.2 

-191.0 

18.5 

1,042.5 

-39.9 

-176.0 

832.5 

-43. 3 

—191.0 

797 * 

1, 042. 5 
967.5 

10.0 

-9,9 

44. 1 
—43.7 

832.5 
1, 042. 5 

—52.9 

4.6 

-233.4 

20.3 

1, 042. 5 

—38.5 

—169.9 

892.5 

-47.0 

-207. 4 


i Stresses after grouting gallery had teen cut in model. 

Stresses are in pounds per square inch. 

— denote** compression 
LL denote-' live load 
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NOTES : 

Vertical stresses were computed from the formula 
a- v -[?Qj(e v +;ue h ) where E is the modulus of elasticity, u is 
Poisson’s ratio , e v is the measured vertical strain . and 
e h is the measured horizontal strain . 

Station 1000.0 coincides with axis of model . 

Foundation joint at sta 1067.5 was open at time of 
these tests . 

Reservoir mercury surface was at El 1052.0 . 

Tailwater mercury surface was at El 847.0 . 

Upstream - left of axis Downstream - right of axis. 


VERTICAL HORIZONTAL. AND SHEAR STRESSES COMPUTED FROM STRAIN MEASUREMENTS 

STRESSES WITH GALLERY CUT IN SECTION 

Figure 349 . — Vertical, horizontal , and shear stresses ( udth gallery cut in section). 


The results shown in table 160 show that the stresses obtained by assuming 
a straight-line variation of stress are larger than those that are based on a 
nonlinear variation of stress. 

The figures for the observed stress in table 160, giving the comparison be- 
tween observed and computed stresses, are taken from measurements made 
in the interior of the model. The stress diagrams were extended to the faces 
of the dam to obtain the stresses at these points. At tlie corners there were 
stress concentrations of which a special study was made. A Huggenberger 
tensometer was used, to measure the strains occurring at these locations. These 
instruments were set on the model when the first loading was applied in order 
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10 determine if any plastic flow occurred due to the concentration. It was 
found that _ at the downstream corner adjoining the foundation where the 
greater strain occurred the first load gave strains about 50 percent higher than 
the strains obtained after a considerable number of tests had been run The 
stresses are shown in figure 350. 


Table 160. Comparison of stresses obtained analytically and experimentally 
DEAD LOAD STRESS AT UPSTREAM FACE 


Elevation 

Vertical stress 

Stress parallel 
to face, 
analytical 

Maximum 
principal 
stress, experi- 
mental 

Analytical 

Experimental 



95 


121 


179 

179 


211 

215 


211 

233 

219 

243 





165 

176 





DEAD LOAD STRESS AT DOWNSTREAM FACE 




10 


15 


1CT) 

1.6CT) f 


25 

3S 


12 

18 

800 

33 


49 




24 

44 





COMBINED WATER LOAD AND DEAD LOAD STRESSES AT UPSTREAM FACE 


910 


43 


62 

900 - 

80 

80 



120 

120 

850 - - 

88 

91 

800 

99 


103 


797 - - 


56 | 

81 





COMBINED WATER LOAD AND DEAD LOAD STRESSES AT DOWNSTREAM FACE 


910 


83 


134 

900 

98 

146 

870 - 

no 

16S 

850 

140 

183 

209 

273 

800 



797 

85 

191 





Stresses are in pounds per square inch. 

Analytical stresses are taken from figure 321 . 

Experimental stresses are obtained from strain measurements on model. 


At the downstream toe two corners were formed by a fillet. The stress at 
the upper corner, due to combined live and dead loads, was — 66 pounds per 
square inch in the first tests and — 56 pounds per square inch in the later tests. 
In the fillet itself, the stress was — 31.9 pounds per square inch In the first tests 
and — 64 pounds per square inch in the later tests. In the same order, at the 
lower comer, the stresses were — 104 pounds per square inch and — 84 pounds 
per square inch. This shows that as the number of loadings increased there 
was a redistribution of stress. The stress at the comers decreased due to 
plastic flow and was accompanied by an increase in the stress along the face 
of the fillet. The maximum stress at the corner where the dam joins the 
foundation, predicted from the model measurements, was 460 pounds per square 
inch against 233 pounds per square inch for the interior of the dam. 

It appears from these tests that if a fillet is to be used at the toe of the dam, 
a smooth curve transition from the dam to the foundation would be more ef- 
fective in reducing stress concentration than the wedge-shaped fillet. 
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Tlie Huggenberger tensometer was also used to measure stresses around the 
grouting gallery. Due to the small size of the gallery compared to the gage 
lengths used, the results were not very conclusive. Later, however, separate 
large-scale experiments were made to determine gallery stresses . 12 




Scale 2 


Q . ? , 4 Inches 

Model 


position of measurement M stresses in model 

tension D stresses in dam 

compression Stresses in lbs per *q in. 


Figure 350 . — Dead and live load stresses at corners. 



Stresses in model marked “M“ 
Corresponding stresses in dam marked “D“ 
Stresses are in pounds per square inch 
o — o position of measurement 
— Compression 



DEAD LOAD STRESSES AROUND GALLERY LIVE PLUS DEAD LOAD. STRESSES AROUND GALLERY 
Figure 351. — Observed stresses around gallery. 

Deflection measurements. 

The deflection measurements were made to obtain an approximate picture 
of the deflection of the dam and the foundation due to the weight of the dam 
and to the weight of the dam plus the water load- Unlike the stresses, the 


** Brahtz, J. H. A., Photoelastic Investigation, of Stresses Around Galleries, TJ S. Bu- 
reau of Reclamation Technical Memorandum No. 439. April 1, 1935. 
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deflections of the model cannot be converted directly into deflections of the 
dam for reasons enumerated previously under similar conditions. They can 
only be used as a qualitative measure of the deflections likely to occur 

Horizontal and vertical components of deflections were measured for both 
upstream and downstream faces of the model and at the top of the foundation. 
Vertical displacements were measured in the lower part of the foundation 
Figure 852 shows the results of the deflection measurements 


ELEVATIONS REFER TO 



Figure 352. — Deflection measurements . 


Discussion. 


The theoretical accuracy of this type of model tests rests upon the applica- 
tion of the principle of Saint Venant. This principle states that if forces acting 
on a portion of an elastic body are replaced by another statically equivalent 
system of forces acting on the same portion of the surface, this redistribution 
of loading produces substantial changes in the stresses locally, but has negligible 
effect on the stresses at distances which are large in comparison with the linear 
dimensions of the surface on which the forces are changed. This principle 
applies directly to this type' of model test. If a vertical slice is cut through a 
dam and its foundation, the stresses produced in the foundation by the dam 
will have a distribution to infinity in the foundation slab. If, then, at a 
finite distance from the dam, the original stresses are replaced by the reactions 
on a rigid supporting member, the stresses along this boundary will have under- 
gone a change, but the statical equilibrium will remain unchanged. The more 
remote this supporting member is from the dam, the less will be the effect of the 
replacement of the original stresses by the reactions on the supporting member. 
In this study, the dimensions of the foundation were arbitrarily selected so that 
the least distance from the base of the dam to the foundation was 48 inches 
against a height of dam of 52 inches. Whether this distance was sufficient to 
eliminate the effect of the rigid support is not definitely known, but later 
mathematical investigations have shown that the error introduced in the region 
near the base of the dam was small. 

There are several advantages of this type of tests over tests which require a 
complete model, of which the most important is the provision for obtaining 
dead load effects. It is possible also to make the following checks upon the 
results : 

1 . Cheek upon the observed strains : The sum of two diagonal strains must be 
equal to the sum of the horizontal and vertical strains at a given point. 
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2. Check upon the computed stress : The area under the stress diagram must 
be equal to the sum of the vertical forces. 

8. Check upon the stress distribution : The center of gravity of the area under 
the vertical stress diagram must coincide with the center of gravity of the 
vertical forces. 

The action of the dam section in these tests would he quite similar to a sec- 
tion of an actual dam where the vertical construction joints were not grouted. 
Where the joints are grouted so that the structure behaves as a monolith, the 
torsional resistance between adjacent sections produces torsional shearing strain 
and stresses which may affect the stresses as predicted from the model tests. 

In all studies of this type, nonlinear stress distribution is observed in the 
lower portion of the dam, while in the upper portion the stresses approach a 
linear distribution quite closely. This is in agreement with the latest mathe- 
matical analysis of cantilever sections as well as with photoelastic studies. 

Mathematical studies of nonlinear stress distribution and stresses at corners 
are based on the assumption of perfectly elastic materials ; whereas, actual 
materials are elastic only within a certain range of stress and are subject to 
some plastic deformation during strain. This fact may explain why the 
theoretically high concentrations of stress at the corners are not observed in 
the model tests. When high concentrations occur, the plastic deformation will 
allow a redistribution of stress to occur in the model as it probably does in the 
actual structure. Mathematical analyses do not give the stresses where plastic 
flow causes a redistribution of stress. 

Tractor gate model studies and tests 

Model studies were made by the United States Bureau of Reclamation to 
determine mechanical and hydraulic characteristics of large control gates. 13 
These studies were made in regard to gate design to determine hoist require- 
ments and pressures exerted on gates due to hydrodynamic conditions. Among 
the various types studied was a tractor gate to be used in the Norris Dam 
power penstocks. After the dam had been completed, tests 14 were conducted 
on the prototype gate for use in checking the downpull when the gate was 
being operated under normal and emergency plant conditions. This section of 
the appendix will summarize the model studies as well as a discussion of the 
results of the tests made on the prototype. 

Forces considered, in design. 

The general design of a gate hoist provides for sufficient capacity to close 
or open the gate under full operating head. Usually the required force to 
operate a gate is computed from the sum of the frictional resistances of the 
gate plus the weight of the moving parts for lifting the gate, and minus that 
weight for lowering the gate. The weight of the moving parts in water is 
equal to the dead weight minus the effect of buoyancy or uplift of the water. 
Frietional resistance varies for the different type gates. For sliding gates this 
force is equal to from 0.3 to 0.75 depending on the material in the leaf and 
seat and the water load on the leaf. In the case of fixed wheel gates the 
frictional resistance is equal to the axle friction plus the rolling friction of 
the wheel, plus a resistance due to the seal. If roller trains are used in place 
of wheels, the axle friction is eliminated but a link friction must be added. 

There are also hydraulic forces present which may increase the load on the 
hoist to a point where the above design, even with the customary factor of 
safety, is no longer safe. This force is caused by the unbalanced water pres- 
sures on the gate leaf when it is in a throttling position. The water passing 
below a flat-bottom leaf exerts no pressure and may even create a partial 
vacuum on the under side of the leaf. As there is a pressure above the leaf — 
water pressure if the leaf is submerged or atmospheric pressure if it has a 
free-water surface — the downward force is equal to the difference of the pres- 
sures above and below the gate multiplied by the area of the bottom of the 
leaf. Ry changing the shape of the bottom of the gate or of the approach, 
a pressure may be built up on the bottom of the leaf which will partially or 
completely eliminate the unbalanced condition. 


N* Hornsby, G. J., Model Studies of the Mechanics and Hydraulics of 
Control Gates, U. SLBurean of Reclamation, June 17, 1937. 

Jests Downpull on Norris Tractor Gate and a Comparison of 
Calculated Loads, U. S. Bureau of Reclamation, March 9, 1938. 
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Description of tractor gate. 

The tractor gate developed to meet set requirements for an emergency gate 
for the Norris power units closes an opening 16.5 by 28.5 feet in size under a 
maximum head to the center line of the gate of 176 feet. It was desired that 
the gate and hoist be of such design that the gate, when not in use, could be 
raised above the water surface for storage and maintenance. This practically 
eliminated the use of a stem hoist. As a rope hoist cannot exert a down- 
ward thrust, the gate must be completely lowered by its weight alone. To do 
this the friction must be reduced to a minimum. This was accomplished by 
means of roller trains, the frictional resistance of the rollers being only about 

0.01 of that caused by sliding surfaces. Due to the fact that the gate must 
be lowered by its weight in water, it was necessary to place the skin plate 



Figure 353. — Tractor gate model. 

on the downstream face, allowing the water to fill completely the leaf section. 

The next problem to be considered was the sealing of the gate under the 
176-foot head. The common flexible metal or rubber seal could not be used 
because of the high head and because of the drag offered by such a seal dur- 
ing the raising or lowering of the gate. Sealing by a metal -to-metal contact 
similar to the simple slide gates was deemed a desirable feature, and a mov- 
able wedge mounted on rollers was incorporated in the roller train, the wedge 
to be actuated by a toggle mechanism of such a design as to insure proper 
sequence of all movements in relation to the gate. 

Starting from the above water surface position, the sequence of the move- 
liients of the gate is as follows : 

1. The leaf is lowered on the roller trains until it is directly in front of 
the frame opening. 

2. At this point the leaf rests on stops and the toggle allows the movable 
wedge to be lowered. 

3. In the meantime, the leaf moves in the downstream direction, transfer- 
ring the water load from the roller to the gate seat. 

Sealing is accomplished by metal-to-metal contact in exactly the same man- 
ner as in the simple slide gate. To open this gate the movable wedge is 
raised first, this move being made positive by the design of the toggle mech- 
anism. As the wedge is raised, the gate moves upstream away from the seat, 
this time transferring the water load from the seat to the roller trains. The 
leaf is then raised on purely rolling surfaces. In short, the gate is raised or 
lowered as a roller gate and sealed as a slide gate. 
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Model studies. 


Description of model . — In order to check the mechanics of the gate under 
working conditions, a model was constructed to a scale of 1 : 28. The prototype 
gate was to operate on the face of the dam under 176 feet of water. Since an 
exact duplicate set-up for mechanical or hydraulic tests, even at the 1 : 28 scale, 
would have required a large tank and overflow and would have made it almost 

impossible to observe the action of the 



leaf, a housing fitted with windows was 
used. 

Flat-bottom gate . — -After testing and 
checking the mechanics of the leaf, a 
number of tests were made on the hy- 
draulics of the gate. In order to deter- 



Figure 354 . — Submerged gate . 


Figure 355- — Flat-bottom gate . 


mine the pressures and forces acting on the gate, a series of piezometers was 
attached to the leaf and a spring scale was attached to the stem, the rope hoist 
having been replaced by a stem for the tests. 

The gate shown in figure 354 has been raised to such a point that the distance 
from the bottom of the gate to the seat is slightly less than one-third the» 
thickness of the gate. At such a position, the section under the gate is similar 
in effect to a short tube. If the head on the gate is relatively low, less than 
40 feet, the stream leaving the back edge of the gate is agitated and divergent 
and its force is quickly dissipated. As there is practically no flow along the 
upstream face of the gate, the water pressure above and below each cross 
beam, except the bottom one, is very nearly balanced and is equal to the static 
pressure head on the respective beams. The pressure above the bottom beam 
is very nearly the static water pressure at that point, while the pressure below 
this beam is less than atmospheric (short tube effect). This pressure difference 
applies a downward force on the leaf of slightly more than the operating water 
pressure on the bottom beam multiplied by the area of the bottom of the gate. 

Considering the same gate but operating under a higher head, the stream 
will take more the shape of a jet being discharged from a sharp-edged orifice, 
the short tube effect breaking down as the velocity increases. The stream, 
being no longer broomy, will continue in a fairly solid, clear jet for some 
distance after leaving the upstream edge of the leaf. (See fig. 355.) As the 
discharge pipe fills with water, submerging the jet, there is a change in the 
shape of the jet and also in the coefficient of discharge. At partial gate open- 
ings, with the discharge pipe flowing full, there is a partial vacuum formed 
back of the leaf. This may be reduced by installing an air vent in the discharge 
line near the leaf. The pressure below the leaf at free discharge is atmospheric, 
but it is less than atmospheric if the jet is just submerged or if there is a 
partial vacuum in the discharge pipe. With the pressure below the bottom 
beam at atmospheric or less, as before, the top of the beam is practically under 
full headwater pressure. The downpull in this case is also equal to slightly 
more than the operating watei pressure on the bottom beam multiplied by the 
area of the bottom of the gate. The maximum downpull on a flat-bottom gate 
occurs at a gate opening equal to about one-third of the thickness of the leaf. 
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'{L^-Skin plate 


Sloping-bottom gate. — Downpull can be greatly reduced by changing the shape 
of the bottom of the gate as shown in figure 356. If this leaf is raised the 
same amount as in the two previously mentioned gates, the distance X becomes 
the depth of the controlling discharge area. The remainder of the gate leaf is 
at various distances from the seat, and therefore a given amount of water will 

have a changing velocity as it passes 
under the leaf. At point B, ignoring 
losses and contractions, the velocity is 
half that at A. As the velocity varies 
as the square root of the head, only 
one-quarter of the static head at B has 
been converted into velocity head. 
Therefore, the uplift or pressure at B 
is equal to three-quarters of the head 
on the gate. As the leaf is raised, the 
ratio of openings at B and A changes 
from an infinite value at complete 
closure to 2 to 1, as shown, and to nearly 
1 to 1 as the gate is completely opened. 
At a nearly 1 to 1 ratio, the sloping bot- 
tom leaf is a little better than the flat- 
bottom leaf, bnt as a rule the gross area 
of the gate opening is large compared 
to the opening of the far end of the 
discharge pipe; therefore, the pipe will flow full and form a hack pressure be- 
fore the leaf is completely raised. In this way the back pressure comes into 
play about the time the major effect of the sloping bottom is lost. 

The pressure on the bottom of the leaf may he further increased by changing 
the shape of the bottom of the frame and approach, as shown in figure 357. 
In all cases it will be noted that the large back area of the controlling surface 
has been increased. The downpull, due to unbalanced pressures at any gate 
opening, may be approximated on the basis of varying velocity heads below the 
gate leaf. 



Figure 356. — Sloping-bottom gate. 



Figure 357. — Various shapes oj bottoms and approaches. 


All the above conditions are based on a submerged leaf having the skin 
plate on the downstream side. If the gate is submerged, but with the skin 
plate on the upstream side, the unbalanced pressure will be between the top 
and bottom of the gate. If the gate has a free water surface and has the skin 
plate on the downstream side, the above conditions for the bottom beam will 
still hold; but if the skin plate is on the upstream side, only atmospheric 
pressure acts on the top of the gate, and then the bottom beam should either 
be vented or shaped so as to prevent a less than atmospheric pressure under 
the bottom beam. 

Test restdts . — Table 161 contains test data on various-shaped bottom beams: 
I-beam, T-shaped, and 45° slope types. It will be noticed that the pressure 
above the bottom beam drops sharply in the model test; actually this pressure 
on the face of the dam should drop by about the amount the gate is raised 
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In this study the pump was so small that at one-half gate opening the line 
pressure had dropped nearly SO percent. Such a test, to get prototype scale, 
would require a large constant head tank. Figure 358 shows graphically the 
test results on the three bottom-beam types mentioned and indicates pressure 
above and below the beams 

Table 161. — Tractor gate model study 


Type bottom beam 


1 

Movement of gate in 
inches 

Pressure above bottom 
beam (pounds per 
square inch) 

Average pressure bot- 
tom side of bottom 
beam 3 (pounds per 
square inch) 

Difference of pressures 
(pounds per square 
inch) 


I 

T2 

45° 3 

I 

T 2 

45° 3 

I 

T 

45° 3 

0_ 

5. 90 

6. 10 

6. 30 

5.90 

6.10 

6.30 

o. oo 

' 0.00 

0.00 


5.70 

5. 90 

6. 00 

5. 50 

5.80 

6. 00 

.20 

.10 

.00 


5.20 

5. 50 

5. 40 

4. 70 

5.10 

5. 25 

.50 

.40 

.15 

i „ 

4. 40 

4. 80 

4. 15 

3. 30 

3.80 

3. 50 

1.10 

.90 

.65 

i 

3. 40 

3.70 

3. 00 

1.40 

2.10 

2. 20 

2. OO 

1.60 

.80 

2 

2. 65 

2.90 

2. 20 

.25 

.70 , 

1.30 

2. 40 

2. 20 

.90 

214 

2. 10 

2.40 

1. 90 

—.20 

.00 

1.00 

2.30 

2.40 

1 .90 

3 

1. SO 

2.00 

1. 65 

-.35 

— . 10 

.85 

2.15 

2. 10 

.80 

4 

1.50 

1.70 

1. 35 

.00 

.40 

.80 

1.50 

1. 30 

.55 

5 

1.35 

1.50 

1. 25 

.25 

.70 

.85 

1.10 

.80 

.40 

6 

1.30 

1. 40 

1. 20 

.50 

.80 

.90 

.80 

.60 

.30 

7__ 

1.20 

1. 35 

1. 15 

.65 

.95 

.95 

.55 

.40 

.20 

H 

1. 15 
1. 10 

1.30 
1.25 i 

1. 10 

_ .. . 

.80 

1. 05 

.95 

.35 

.25 

.15 

10 

1. 00 

1.20 

1.00 

.05 






* In case of 45° slope on bottom beam, the pressure on the bottom side of bottom beam is the average 
vertical pressure. 

* In the above runs the gate was raised yi inch before the bottom of the leaf was even with the top of the 
bottom frame seat. 

* Pressures on the bottom are the results of three piezometers, giving a fair average pressure. The gate 
was raised J <£ inch before the bottom of the leaf was even with the top of the bottom frame seat. 
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Figure 35*8 . — Pressures above and below beams for the three types tested. 


Figure 358 also offers a comparison of the three types showing differential 
pressure between the bottom and top of the bottom beam plotted against gate 
openings. 
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Tests on tractor gate. 

In order to make a comparison of the actual downpull with, calculated loads 
for similar conditions, tests were run on the Norris tractor gate. Four test runs 
were conducted in the following sequence : 

1. Gate lowered under static conditions. 

2. Gate raised under static conditions. 

3. Gate lowered under fnll head and full discharge of turbine. 

4. Gate raised under static conditions. 
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NO. I Power developed by the lowering of gate with the generator shut down. 

NO. 2 Power used in raising, gate after closure with 55.3 MW load on 
generator and with wicket gates blocked open. 

NO. 3 Power developed by the lowering of gate with 55.3 MW load on 
generator and with wicket gates blocked open. 

NO. 4 Power used in raising gate after it was closed under static head - 

Figure 359. — Recording wattmeter record — Power to lower and open gate. 


During each run a record was kept of the movement of the bottom of the gate 
with respect to time, and a recording wattmeter record was made of the power 
developed in the cases where the gate was lowered, or the power used in cases 
where the gate was raised. Figure 359 shows the wattmeter records for the 
four runs, while figure 360 is a graphical representation showing closing speed 
for various gate elevations. Power developed by the run represented by figure 
360 is shown by curve No. 3 of figure 359. 

Calculations from test data . — Maximum downpull was computed from the 
test data as follows : 

Weight of moving parts in air (estimated), 240,000 pounds. 

Weight of moving parts in water 6.S/T.8 x 240,000—209,000 pounds. 

Use 210,000-pound weight in water. 

From curves Nos. 1 and 2, figure 359. 

Thirteen units represent power developed lowering the gate under balanced 
conditions. 

155813 — 40 48 
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Thirty-five units represent power used in raising the gate under balanced 
conditions. 

Therefore : 

210,000 — friction=13 units. 

210,G00+frietion=35 units. 

2 friction=22 units. 

Friction =11 units. 

35—11=24 units == 210 ,000 pounds. 

I unit=8,750 pounds. 

II units=96,250 pounds =friction. 



TIME - MINUTES 


Figure 360. — Closing speed. 

For all calculations the friction is assumed to he proportional to the load. 
In this computation the friction is or 0.458 of the load. 

From curve No. 3, figure 359 

Fourteen units equal load on hoist before gate reached the opening. Therefore, 
the increased load on the cable or downpull in any position is equal to: 
(reading in units at that position— 14) X 1.458X8,750. Maximum downpull 
equals (32 — 14) X 1.458X8,750=230,000 pounds. 

Gate openings are marked on curve No. 3, figure 359. It will be noted that the 
curve crosses the 14-unit line at 1-foot opening or 1 foot from the gate limit. 
On the downpull gate opening curve this position is considered zero gate open- 
ing. This 1 foot should indicate the distance from the sill to the stop. Actually 
the sill is only 8 inches above the stop. This difference and possibly a slight 
difference in the position of the maximum downpnll is probably due to the 
stretch in the cable. 

Calculation of theoretical downpull. 

To afford a comparison with the test results just outlined, the theoretical 
downpull on a Norris tractor gate was calculated under these conditions: 

Headwater elevation, 1,001.74 feet, 
date stop elevation, 852.78 feet. 

Sill elevation, 853.45 feet. 

Tail water elevation, 833.00 feet. 
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1,001.74 — 833.00 — 168.74 feet= head on turbine. 
Load on turbine =55,300 kilowatts. 

Assume 85 percent efficiency, 


O- _55, 300X746 

W "62.5X 168.74 X0.85 ==4,600 c * f * s * 

Area of wicket gate based on coefficient of discharge of 1.0, 

4,600 


A Q 

V2 igh 8.02^168.74 


=44.2 sq. ft. 



This gate area, and a coefficient of 
discharge of 0.90 through the tractor 
gate opening, were used in calculating 
the pressure drop through the gate. 

Downpull is defined as the difference 
in hoist load between operating the 
gate under balanced conditions and 
under emergency or free discharge 
conditions. This difference is caused 
by a reduction of water pressure act- 
ing upward on the bottom of the gate 
leaf. 

Figure 361 shows the dimensions of 
the bottom of the gates. Assuming 
the bottom I-beam of the gate is per- 
forated, then the full static head will 
be exerted at (1). Let (2) be any 
section below the gate leaf. 

Then writing Bernoulli's theorem 
from position (1) to (2), 

#(i> =^(2> 4 — 7jr~~ "f" F <2) - 


Where: H(u = unit pressure acting downward, in feet of water. 

A ( 2 ) = unit pressure acting upward, in feet of water. 

V ( 2 ) == velocity of water flowing under gate, in feet per second. 
F ( 2 ) = friction losses, in feet of water. 


Friction losses are being ignored in this computation. 


Therefore: 


H(p— A(2) 


V cl 2 
2 g 


or the difference in unit pressures is equal to the velocity head of the water 
passing below the gate. Then the summation of the velocity head below the 
gate leaf is equal to the downpull on the gate. 

Also, the velocity of the water flowing under the gate is given by: 


V= 


v 

CA 


Considering a unit width of opening of depth, r, 

Q 


also 


T/2 

V—ij2gh or 


substituting 


7 Q 3 _ constant 
^ 2gC 2 r 2 r 2 


or the head is inversely proportional to the square of the depth of the opening. 
Since the depth of the opening varies under the gate leaf, the velocity head will 
vary inversely as r 2 . 

In order to calculate the downpull which is equal to the summation of the 
velocity head of the water flowing under the gate, the effective thickness of the 
gate having a zero upward pressure is computed. 
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T t = effective thickness of gate. 

T= thickness of gate =3934 inches. 

R = depth of gate opening at the controlling section. 

rn . 

The downpull is then equal to the effective thieknes ( T e ) multiplied by the width 
of the gate opening in inches and the pressure drop through the gate in pounds. 

It will be noted that in raising such a gate the effective width of the gate 
approaches the actual width of the gate, and in the case of a free discharge the 
downpull will approach that for a flat-bottom gate. 


Let 

Then 


Calculations , case I, based on bounder'll line (/) 

m= slope of boundary line. 
n= slope of gate bottom. 
x— distance from controlling section. 


_ rT t Ridx CT R % dx 

e ~ j o (R-h mx) s ^~ J 

_ -fi 2 . R* R? R- 

m(R J rmT 1 )'~ mR ( m+ri)R — Ti-\~(m-\-n ) T ‘ (R + mT^ 

Substituting values for m , n, T, and 7i and combining terms, 
r — 4.105912 4.937491 0.831579 1 

Lc ~~ n L^4-2.126582" t ' R 724-37.000J 

Example: Let R — 24 inches. 

7^=576 (— 0. 157155 -f-0.205729- 0.013632). 

7^= 20. 13 inches or effective width of gate. 
Downpull— RX 0.433 X TgXlV 

= 127X0.433X20.13X198 
=219,180 lb. 

Where P = pressure drop hrough gate in feet of water. 

W = width of gate opening in inches. 

The effect of regain of velocity head in the penstock was neglected. 
Calculations, case II, based on boundary line (II) 

R 2 dx CT R%dx 

* J o U+TTia;)^ J Tl [R+K+ (x- Ti)ri\* 

— R? R> R a R2 

m(R-rmTi) ^~mR ntR+K-nTx+nT)^ n(R+K) 
Substituting and combining: 

m *>»r — 0.312502 , 1.312502 1 1 

* L R 4- 8.000 ^ R R + 37.000 J 

Example : 

Let R =24 inches. 

T m =576 <— 0.0097664-0.054688— 0.016393) . 

T e =576 X 0.028529. 

=16.43 inches. 


R + 37.000. 


Downpull — P X 0.433 XT e XW 

=127 X 0.433 X 16.43 X 198 
—178,893 pounds 

Discussion of results . 

The test results as well as the calculated values for cases I and II are 
plotted on the curves of figure 362. It will be noted from the downpull gate 
opening curves that the downpull as shown by the test curve reaches a higher 
maximum than either of the calculated curves, and that there is a separation, 
of the curves from the maximum position until a gate opening of about 13 feet 
is reached. Reasons for the difference may be : 
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1. Neither of the houndary lines used is correct but is merely an approxima- 
tion. The boundary lines will not remain constant for all gate openings. 

2. The coefficient of discharge was assumed to be 0.90 and constant for all 
gate openings. The coefficient is probably a variable, especially before and 
after the penstock has filled. 

3. Regain of velocity head was neglected ; this is probably the greatest source 
of error. 


GATE OPENING IN INCHES 



GATE OPENING IN FEET 

Figure 362. — Test results and calculated values for cases I and II. 

4. All calculations are based on a stabilized flow for each position, but under 
actual conditions the effect of the gate being continually lowered wifi make 
some difference in downpull. 

5. Stretch in the cables may shift the position of gate openings slightly. 

6. Roller friction has been neglected. 

In spite of the above listed possible sources of error, it is believed that 
downpull can be calculated in this manner consistently within 15 percent of 
the actual value. 

Curve No. 4 of figure 359 (raising gate balanced condition) apparently shows 
that the penstock was not completely full. Note the character of the curve until 
a balanced condition was reached. 





Appendix E 

CEMENT AND AGGREGATE STUDIES 

CEMENT STUDIES 

The ordinary cement price structure was not satisfactory to the Authority 
for the large quantities of cement needed for all projects due to the special 
specification requirements. The Authority, under pressure of assembling an 
organization and starting construction, sought the advice of Mr. John Treanor, 
president of Riverside Cement Co., Los Angeles, Calif., and others who were 
active at that time in the general cement policy and its relation to the Govern- 
ment There were retained to act as a committee to cooperate with the 
Authority, Mr. Morris Leeds of Philadelphia, Pa., and Dr. Frank A. Fetters of 
Princeton University. This committee’s activities were confined to the early part 
of 1934, and after conferences with a committee of cement manufacturers, sub- 
mitted a report on the cost of manufacture of cement in a modern mill. Their 
conclusions were based on the average cost of the lowest 10 of the 15 mills in 
the Southeast, determined from certain combined costs assembled by Price, 
Waterhouse & Co. 

The original cement studies and specifications were made by the United States 
Bureau of Reclamation at Denver. The first advertisement for bids, calling for 
25 percent of the total cement to start construction of Norris Dam, specified as 
alternates standard Portland cement, type A low-heat cement, and type B modi- 
fied Portland cement. Analysis of bids received March 19, 1934, revealed no 
difference in price among the three types of cement except for one bid in which 
there was a difference of 5 cents per barrel for type A over other cement. 

It was decided by the Authority and concurred in by the Bureau of Reclama- 
tion to use modified Portland type B cement for the original contract, which cost 
§1.95 per barrel f. o. b. cars Coal Creek. This type of cement was also endorsed 
by the Portland Cement Association. The reasons for the choice of this type 
of cement were: 

1. The property of low-heat generation was not a factor in determining the 
specifications for type B cement as early studies showed the difference in the 
estimated maximum temperatures for low-heat and normal Portland types to he 
only 2° F. 

2. The specifications for type B cement were intended to provide an all-purpose 
cement having strength development characteristics suitable for winter and sum- 
mer construction of all types, maximum resistance to weathering and dissolu- 
tion, favorable volume change characteristics, and properties resulting in favor- 
able concrete workability. 

The unusually large quantities involved made it desirable to make studies to 
secure the most economical source of cement A survey was made to determine 
the facilities available in the Tennessee Valley area for supplying the cement. 
Consideration was given to the leasing of certain cement manufacturing plants 
for a period of years and manufacturing by force account methods the cement 
required. Some consideration was given to the purchase of a small cement plant 
near the center of the Authority’s operations. A study was also made of 
nitrate plant No. 2 at Muscle Shoals with the view of making modifications in 
order that the rotary kilns and mills might he used for the manufacture of 
cement. However, the total cost, including transportation of rock from the 
quarry, manufacture of cement, and the transportation of the cement to the 
project, would have been higher than the cost of purchasing^ cement. 

The most attractive scheme was the construction of an entirely new plant. A 
location had been found about 5 miles below Sheffield where there was a deposit 
of limestone of exceptionally high quality with an overburden of materials 
which could he utilized in the manufacture of cement. The deposit, in a vertical 
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cliff, could be quarried very cheaply; and between the cliff and the river was a 
desirable location for a plant. A complete plant for this site was designed which 
would have been equal or superior to any plant in the United States. It would 
have been relatively simple due to one type of product and one outlet. Complete 
specifications were prepared with a view to constructing it in the shortest pos- 
sible time. 

Representatives of the P. L. Smidth & Co. and the Allis-Chalmers Manufactur- 
ing Co. cooperated in the design ; and the specifications were reviewed by them to 
make certain that if and when bids were asked for construction of the plant, 
including all equipment, there would he at least two companies which would be 
able to bid on such a complete plant. A survey at that time indicated that 
there were no other companies which were equipped to undertake the construc- 
tion of such a cement plant in its entirety. The specifications as written called 
almost entirely for standard equipment. The estimated cost of the plant was 
determined from preliminary estimates of the cost of machinery furnished by 
cement machinery manufacturers. 



1 ALPHA PORTLANO CEMENT CO. 1475 

2 CUMBERLAND PORTLAND CEMENT CO.— 840 

3 GEORGIA CEMENT L PRODUCTS CO. 435 * 

4 HERMITAGE PORTLAND CEMENT CO. 865 

5 LEHIGH PORTLAND CEMENT CO. 1904 

6 LONE STAR CEMENT CO. 1690 

7 MARQUETTE CEMENT MFG. CO. 1650 


8 NATIONAL CEMENT CO. 1320 * 

9 PENNA -DIXIE CEMENT CORP. 1380 

10 " " 1985 

11 SIGNAL MT. PORTLAND CEMENT CO. 1495 

12 SO. STATES PORTLAND CEMENT CO. 590 * 

13 UNIVERSAL ATLAS CEMENT CO. 2015 

14 VOLUNTEER PORTLAND CEMENT CO. 990 


Figure 363 . — Cement plants serving the Tennessee Valley . 


An estimate of the cost of manufacturing cement in this proposed plant was 
made. It included the quarry operation cost (based on the Authority’s opera- 
tions at the Norris Dam quarry, modified to meet local conditions), power and 
fuel consumption (based upon guaranteed production from cement-machinery 
manufacturers), the necessary personnel, and interest and amortization (based 
on fully amortizing the plant in 5 years with no salvage value at the end of 
this period). 

This estimated cost of manufacturing cement was checked with the cost of 
manufacturing cement at the 10 mills in the Tennessee Valley which had been 
compiled and certified by Price, Waterhouse & Co. 

A co mmi ttee of nearby cement manufacturers supplied the Authority with 
cost data in order to justify their established prices. The Authority in return 
submitted to them an estimated cost of the proposed new plant together with 
the estimated cost of operation. These estimates were thoroughly reviewed 
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over a period of 30 days by a technical committee appointed by the cement 
committee, and comparisons were made with their own actual cost figures. It 
was agreed that the proposed plant was feasible. The Authority’s estimates 
and studies of the necessary transportation equipment and its operating cost 
were also reviewed by traffic men in the cement industry. 

While the above studies indicated the Authority could manufacture cement 
more cheaply than it could be bought, it "was considered unwise to build a new 
plant in an ali'eady overcrowded industry. The total clinker capacity of the 14 
mills shown in figure 363 is 18,634,000 barrels, yet the total cement production 
for the States of Alabama, Mississippi, and Tennessee for 1933, excluding Ten- 
nessee Valley Authority construction, was only 2,567,810 barrels. 

Not desiring to add to the overcrowded industry by building still another 
plant, the Authority expressed a willingness to pay a price for cement somewhat 
higher than the indicated costs of manufacture in the proposed new plant yet 
lower than the cement manufacturers considered fair. The cement manufac- 
turers were advised of the Authority’s decision in the following telegram dated 
September 18, 1934 : 

“Authority intends not to build a cement plant if cement manufacturers quote 
a base price not to exceed one dollar and thirty cents per barrel at mill plus 
freight to destination. Where only one mill enjoys the lowest freight rate will 
consider above base price plus freight from second lowest freight point. It 
is to be understood that this is maximum that the Authority will consider and 
any quotations should be at or below figure mentioned. It is our intent to build 
a cement plant if average price omitting Holston and French Broad Dams is 
higher than this rather than name a lower price with intent of negotiating small 
differences. We are stating the outside maximum. If any differences of under- 
standing remain we suggest they be cleared up by conference before bids are sub- 
mitted. It is also understood that any change in freight rates will be 
adjusted. * * *” 

The experience in the use of type B modified Portland cement during the sum- 
mer of 1934 at both Norris and Wheeler Dams was uniformly satisfactory. 
Therefore specifications for the balance of Norris and Wheeler requirements 
and the full requirements of all other Tennessee Valley Authority projects 
covered only type B modified Portland cement with small quantities of standard 
Portland cement. It was anticipated that type B cement would be used on all 
dams and construction work except where it was necessary for architectural 
reasons to have a lighter-colored cement, in which case standard portland cement 
was to be used. 

Bids were received October 15, 1934, at the price the Authority had indicated 
its willingness to pay. An allocation for the requirements of cement was made 
with the view of distributing the cement to as many manufacturers as possible, 
taking care to see that business was uniformly distributed to the manufacturers 
throughout the life of the contracts and also taking care that no manufacturer was 
unduly penalized due to freight rates. 

Contracts were placed with 10 companies covering 11 mills for the entire 
requirements of TVA up to January 1, 1941. Due to the uncertainty in 1934 
as to the probable price trend, it was deemed desirable that certain provisions 
be made in the contract to compensate either the Authority or the contractor for 
any exceptional price fluctuations in fuel, power, labor, and materials (iron ore 
and gypsum) , This was accomplished by setting up a definite formula based on 
the then current prices of these major items which went into the manufacture of 
cement. The contract also provided that changes in transportation cost be added 
to or deducted from the delivered cost. 

The price per barrel in bulk, f. o. b. Goal Creek, was $1.7384, subject to 10 
cents per barrel discount for prompt payment. The total amount of business 
allocated to each contractor for the Norris project was : 


Barrels 

Volunteer Portland Cement Co 587,800 

Pennsylvania-Dixie Portland Cement Co 396,600 

Signal Mountain Cement Co 249, 300 


The estimated average mill net of all contractors on all projects was approxi- 
mately $1.30 per barrel for the contracts placed in October 1934. The consid- 
erations which influenced the distribution of cement purchased by the Authority 
were: 
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1. It was important that purchases be made from plants conveniently located 
for shipping delivery and from plants financially and physically equipped so 
that the progress of concrete construction should not be jeopardized by interrup- 
tions in delivery. 

2. Within reasonable limits, those mills were favored which had the lowest 
freight charges and the largest mill net prices, as' in that way the cement 
industry as a whole would profit most from the orders being placed. 

3. There was a distribution of business among reasonably well-situated plants 
so that the cement industry would have a fairly smooth flow of business in the 
several mills rather than a series of violent fluctuations in production. 

4. Other conditions being equal, the distribution of business in a period of 
low production was somewhat in proportion to the capacities of the several 
plants. 

5. In the original order of the Authority, certain plants within shipping 
distance were given no business. It therefore seemed appropriate to assign 
to these plants somewhat more than their proportion of the second order. 

6. The program for four dams seemed immediately practicable, whereas cer- 
tain orders might be postponed for several years. The distribution was such 
that it would meet the above conditions for the dams to be built immediately 
regardless of the more remote parts of the program. 

7. While the above factors were in general controlling, various others were 
weighed in special cases such as the wisdom of buying from nearby mills so 
that trucking could be resorted to in case of marked advances in freight rates, 
and also the possibility that general advances in freight rates might affect the 
cost of delivered cement from the more distant plants. In general, however, 
these speculative factors were given little weight. 

The contracts operated in a very satisfactory manner. The price adjustment 
clause was not effective except twice, and then affecting a relatively small 
amount of cement. The comments from officials of the cement companies were 
uniformly complimentary. 

TYPE B — SLAG CEMENT INVESTIGATIONS 

Investigations were conducted to determine the merits of a mixture of slag 
cement and Portland cement in mass concrete. Durability of concrete contain- 
ing the mixture was one of the doubtful qualities, and for direct comparison 
under field conditions one construction block in tbe dam was placed using a 25 
percent replacement of modified portland type B cement with a blast furnace 
slag eement- In the absence of definite data on the most desirable proportion- 
ing of the two cements, the 25 percent replacement noted was arbitrarily 
chosen. 

Use of tbe mixture of cements in concrete of one entire block afforded an 
excellent large-scale comparison of such properties as durability, workability, 
temperature rise, and cracking of such concrete with the concrete containing 
type B cement only, used in all other parts of the dam. Block 43 above ele- 
vation 870 was constructed entirely of concrete using the mixture of cements. 
Block 40, having a very similar concrete schedule, was used for comparisons such 
as temperature rise and cracking. Test samples of concrete taken from each of 
the two blocks furnished comparative strength data, since, in general, identical 
bins of type B cement went into the concrete of both blocks. 

In proportioning the concrete mix using slag cement, a replacement of type 
B cement was made on a basis of one barrel (320 pounds) of slag cement 
being equivalent to one barrel (376 pounds) of type B. Thus one barrel of 
the mixture weighed 362 pounds. Water-cement ratio of concrete using the 
mixture of cements was varied to give workability equal to equivalent con- 
crete containing only type B cement. Aggregate gradings were identical for 
equivalent mixes. The mixes for a 1-cnbie-yard batch developed for use in 
block 43 together with mixes containing only type B cement are shown in 
table 162. 

The slag cement was an interground blend of blast-furnace slag and hydrated 
lime, manufactured by the Southern Cement Co. of Birmingham, Ala., and sold 
under the trade name of Magnolia cement. Type B cement was the standard 
product furnished under Tennessee Valley Authority specifications. Average 
oxide analyses of both cements are shown in table 163. The analyses shown 
Include the added lime. Bineness of the slag cement was greater than 2,606 
square centimeters per gram by Wagner turbi dim eter. 
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Mass A. 

Concrete B. 

United States face A. 

Concrete B. 

Spillway A. 

Face concrete B 

.Reinforced A 

Concrete B. 

Reinforced- A. 

Concrete B. 


Cement 

Type B 
cement 

Slag 

cement 

Water 

W/C ratio 
(by 

weight) 

Aggre- 

gate 

Barrels 

0.90 

Pounds 

338 

Pounds 

Pounds 

227 

0.67 

Pounds 

3,772 

.90 

254 

72 

221 

.68 

3,790 

1.10 

414 


240 

.58 

3,660 

1. 10 

310 

88 

235 

.59 

3, 684 

1.20 

451 


253 

.56 

3, 596 

1.20 

338 

98 

248 

.57 

| 3, 615 

1.33 

500 


275 

.55 

3,489 

1. 33 

375 

106 

270 

.56 

3, 509 

1.50 

564 


310 

.55 

3,332 

1.50 

423 

120 

304 

.56 

3,355 


Maximum 
size ag- 


3 

3 

1M 
l *A 


A denotes standard concrete mix using type B cement. 

B denotes concrete mix for block 43 using mixture of type B and slag cement. 

Table 163 . — Chemical analyses of cements 


Item 

Slag cement 
Block 43 

Type B cement 

I 

Block 43 

Block 40 

Ignition loss , 

Insoluble 

2.52 

0.85 

.21 

0.94 

.22 

Sulphur (£) 

1 18 
.02 
32. 11 
.55 
9.83 
51.06 

L 84 

Sulphur trioxide ( SO 3 ) _ 

i. 62 

21.54 

4.80 

5.53 

63.64 

1.86 

1.69 

21.54 

4.84 

5.58 

63.66 

1.82 

Silicon dioxide ( SiOt ) 

Ferric oxide (. FesOz ) - 

Aluminum oxide (A.faOz) «... _ 

Calcium oxide (CaO) - 

Magnesium oxide C MgO ) . 



The batching, mixing, and placing operations were identical with procedure 
developed for all concreting operations in the dam. Results of mass concrete 
strength tests on 6- by 12-inch cylinders subjected to standard curing are 
shown in table 164. 


Table 164 . — Mass concrete strengths blocks 40 and 43 



Block 40 (type B) 

Block 43 (slag mix) 

Age 

Number 

Average 

strength 

Number 

Average 

strength 

7 day - ... 

18 

2,870 

3,790 

4,540 

18 

2,370 

14 day ___ 

16 

16 

3,440 

28 day 

35 

36 

4,500 

90 day 

34 

5.810 

35 

6, 120 

6 months . 

36 

6,371 

36 

6,391 

1 year 

36 

6,846 

36 

6,997 

2 years _ - 

19 

7,268 

19 

7,563 




Approximately 18 cylinders each are to be tested at ages of 5, 10, and 20 years. 

All specimens made of fall mix wet screened to lM-lnch maximum size. Rate of loading, 17 pounds per 
square inch per second. 


Temperature rise in the two blocks at elevation 910 was investigated by means 
of resistance thermometers similarly embedded in the concrete and the data 
are listed in the following table. Conditions in adjacent blocks were such that 
more heat was removed from block 40 than from 43 ; consequently temperature 
rise did not exactly represent differences in. heat liberation of the cements, 
particularly after ages of 28 days. Opposing this, however, was the effect 
of a 30-inch vent pipe in block 43 approximately 10 feet above the layer of 
thermometers for half of the width of the block which removed a small but 
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unknown amount of heat. Since conditions at the downstream faces were not 
comparable, only the upstream 87 feet of each block enters into the temperature 
study. 

Table 165. — Concrete temperatures blocks 40 and 43 
[Degrees Fahrenheit] 


1 

Age (days) 

Block 40 (type B) average temperature 
(upstream 87 feet only) 

Block 43 (slag mix) average temperature 
(upstream 87 feet only) 

East 

half 

West 

half 

Entire 

block 

Near 
center of 
block 

East 

half 

West 

half 

Entire ! 
block 

Near 
center of 
block 

0 

82. 0 

82.0 

82.0 

82.0 

81.0 

81.0 

81.0 

81.0 

9. 

112.7 

113.7 

113. 2 

115.9 

111.5 

113.7 

112.6 

115.6 

15 

114.5 

115.0 

114.8 

118.6 

113.1 

114.3 

113.7 

117.2 

28 

114.4 

114.7 

114.5 

121.5 

112.2 

112.6 

112.4 

119.5 

60 

109.6 

110.3 

110.0 

122.0 

107.5 

112.7 

110.1 

120.0 


It appears that temperature rise in the mass concrete was slightly less for 
concrete containing the mixture of cements than it was for straight type B 
cement. Heat of hydration, measured by vane calorimeters in the Norris Dam 
laboratory for type B cement, slag cement, and a mixture of the two would 
indicate substantially the same results. 

There was little or no difference in the cracking which developed in the 
two blocks. Both blocks cracked vertically between contraction joints on both 
upstream and downstream faces, and horizontally at several elevations at day’s 
work joints. Several cracks developed in the block 43 spillway training wall 
at approximately right angles to the face of the dam. Equal or slightly less 
cracking occurred in the block 37 training wall. 

Present results are insufficient to draw definite conclusions. Durability com- 
parisons will not be possible for many years, and accurate determination of 
comparative costs will not be possible until all of the factors determining 
quality of concrete are known. 

SPECIAL LABORATORY STUDIES 

In addition to routine testing, a number of special studies and tests were 
made in the concrete laboratory. The more important of these are discussed 
in this appendix. 

Moisture volume change. 

In investigating the effect of the minus 100 mesh dolomite on drying shrink- 
age, the mortar mixes selected for the tests were based upon the sand grading 
recommended by the United States Bureau of Reclamation Laboratory at 
Denver, Colo. The amount of minus 100 mesh material was varied from 0 to 22 
percent, and the relative proportions of the remaining sizes, from plus 100 mesh 
to minus 4 mesh, were held constant at the recommended values. To minimize 
the effect of all factors except the variation in sand grading, the cement con- 
tent was made rather low, 20 percent of the weight of the aggregate, and the 
water-cement ratio was the lowest which gave a readily workable mix. The 
specimens were 3- by 3- by 14-inch bars with strain-gage plugs 10 inches apart. 
All specimens were stored in the 70° fog room from the time of casting until 
initial measurements were taken at the age of 24 hours. 

Although test results indicated a rough direct relationship between drying 
shrinkage and fineness of the aggregate, the effect was not pronounced, even 
for the extreme variations in the mortar mixes. Therefore, it is believed the 
effect of moderate variations in the amount of minus 100 mesh aggregate in 
a concrete mix would be negligible. 

Strength and workability of laboratory mixes - 

To arrive at some general impressions as to appearance, workability, strength, 
and general qualities of concrete containing Norris dolomite and modified type 
B Portland cement, laboratory studies were made, covering roughly the mixes 
to be used In the dam. Twelve batches of concrete were mixed in the labors- 
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tory mixer using different size aggregate, varying amounts of cement, and dif- 
ferent water-cement ratios. Test cylinders from the resulting concrete molded 
were given standard cures and tested for compressive strength. 

The effect of water-cement ratio on concrete containing dolomite aggregate 
and type B cement was investigated over a range between 0.40 and 0.85 bv 
weight. Figure 364 shows the water-cement ratio strength relation for an age 
of 2S days. Cement content was varied from 1.00 barrel per cubic yard for 
water-cement ratio of 0.85 to 1.60 barrels for water-cement ratio of 0.40. The 
effect of cement content over the same range with constant water-cement ratio 
{0.55 by weight), indicated that cement content has only a small effect on 
strength. 



Permeability. 

Permeability measurements on Norris Dam test concrete were made by the 
United States Bureau of Reclamation, and test data are given, in the Bureau’s 
Technical Memorandum No. 368. 

As a rough field check on permeability of concrete, three pairs of 8- by 
16-inch test cylinders were prepared. A section of open 2-inch pipe, east 
axially in each cylinder, extended to within 2 inches of one end and protruded 
through the other end for connection to water supply. Damp sand, com- 
pacted in the pipe before the mold was filled with concrete, was removed after 
the concrete had hardened; thus leaving free passage of water to within 2 
inches of one end of the cylinder. The test specimens were cured for 60 
days in the fog room and then connected to a reasonably constant water pres- 
sure of 180 pounds per square inch. In test specimens left under pressure for 
several months no leakage through the concrete was found. The test samples 
contained mass, face, and l*4-inch reinforced concrete, each wet-screened to 
%-inch maximum size. As no leakage developed, no comparison of the three 
mixes could be made. 

Type B— Slag cement, laboratory mixes. 

Strength comparisons of laboratory mixed concrete were made using all 
type B cement, a mixture of type B and slag cements, and all slag_ cement with 
Norris dolomite aggregate prior to the use of the slag-type B mixture in the 
concrete for block 43. The strengths shown in table 166 indicate that _ the 
laboratory-mixed concrete has appreciably lower strengths than the field-mixed 
concrete. This was generally true with laboratory and field-mixed concrete. 
Comparisons were made on a basis of equal water-cement ratios by weight and 
variable workability with equal ‘Toose volume” of cement contained in^ all 
mixes. The samples were molded in 6- by 12-inch cylinders using l^-inch 
maximum size aggregate. Rate of loading was 17 pounds per square inch 
per second. 
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Table 1 66 - — Compressive strength laboratory -mixed concrete 


Age | 

Type B portland 

All slag cement 

Mixture type B and 
slag 

Number 

Strength 

Number 

Strength 

Number 

Strength 

7 days 

30 

2 , 016 

30 

727 

30 

1,599 

14 days 

30 

2,634 

30 

915 

30 

2,331 

28 days i 

30 

3 , 470 

30 

1, 105 

30 

3,524 

B0days._ 

30 

4 , 785 

30 

| 1, 345 

30 

5,044 

ts months 

30 

5 , 199 

30 

1 , 514 

28 j 

5 , 556 

Average slump 

3J4 inches 

y 8 -h inch 

inches 


Experimental Heat of Hydration apparatus. 

In connection with studies on temperature rise in the dam, heat of hydration 
experiments on several cements were made, and apparatus similar to Carlson’s 
vane calorimeter was developed. Satisfactory results were obtained, and it is 

believed that further development may 
provide a simple, easily constructed 
apparatus for measuring rate of heat 
liberation of cement paste up to ages of 
several months. 

Operation of the calorimeter shown 
in figure 365 depends on heat transfer 
through the copper heat conductor being 
proportional to temperature differences 
between ends of the conductor. The 
two resistance thermometers provide a 
means for measuring the two tempera- 
tures. As thermometer resistances are 
proportional to temperatures, a change 
in resistance ratio of the two thermom- 
eters was used to represent ratio of heat 
transfer. Heat stored in the calorime- 
ter was computed from heat capacities 
of the specimens and the inside of the 
calorimeter, and corrected measured 
temperatures. In operation the appa- 
ratus was immersed to the flange near 
its top in a constant temperature hath. 

Approximately 500 grams of cement paste to be tested was sealed in the con- 
tainer. The specimen was placed in the calorimeter and the vacuum jar placed 
in position. Beginning one-half hour later, after temperatures became constant, 
resistance ratio readings by a special Wheatstone bridge were made at half- 
hour intervals until the specimen had passed its maximum temperature. Read- 
ings were then made as often as needed to furnish a smooth time-ratio curve. 
After 48 hours in this (nonsensitive) calorimeter the specimen was transferred 
to a second (sensitive) calorimeter on which readings were continued. Af ter 
correction for stored heat, areas under the time-ratio curves multiplied by 
calibration constants of the calorimeters gave quantity of heat liberated by the 
cement paste while in the calorimeters. “Immediate heat” determined in a simple 
calorimeter completed the data necessary for determining heat of hydration. 

The constant temperature hath was found essential for accurate results. For 
the sensitive calorimeter, the temperature of bath seldom varied more than 
0.01 degree centigrade; variations were somewhat larger for the nonsensitive 
calorimeter due to more rapid heat transfer from the test specimen. 

Effect: of cylinder size on strength. 

As a matter of general information, tests were made to compare strengths of 
field-mixed concrete east in 8- by 16-inch and 6- by 12-inch test cylinders. 
A total of 100 specimens of each size made from samples of field-mixed mass 
concrete wet screened to 1%-inch maximum size aggregate was tested at 28 days 
for compressive strength. The average strength of smaller cylinders was 4,481 
pounds per square inch and for the larger was 4,49-1 pounds. 



f Copper tubes 
carrying 
thermometer 
lead wires 


-Container Zjs“x 5“ 


Detail shown is 
for non -sensitive 
calorimeter 
Sensitive calorimeter 
identical ex-cept 
small copper- or 
brass rod 0 or 
less replaces 
tube between inside 
thermometer and 
shell of tank. 


Thermometer 100 ohms 


Figure 365. — Modification of Carlson 
vane calorimeter. 
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Calcium chloride in concrete. 

Although no accelerator or admixture was used in any concrete for the 
permanent structures, it appeared to be desirable at times to use a rapidly 
hardening concrete in certain temporary structures. With this in mind, and 
as a matter of general information, some laboratory tests were conducted to 
show the effect of -various amounts of calcium chloride (CaOh) on early 
strengths of concrete made from type R cement. The mix was 1.70 barrels of 
cement per cubic yard, with a water-cement ratio of 0.50 by weight, and a 
maximum size aggregate of 1 y 2 inches was used. The strengths in’ pounds 
per square inch are averages of three specimens in the following table sum- 
marizing these tests : 


CaCh percent by weight of 
cement 

Compressive 

strength 

CaCh percent by weight of 
cement 

Compressive 

strength 

1 day 

2 days 

1 day 

2 days 


990 

1,440 

1,490 

1,890 

1, 660 
2,360 

2, 460 

2, 420 

4 

2,080 I 
1,760 
1, 560 

2,910 

2,680 

2,410 


6_ 


8 ___ . 





Mortar workability. 

Effect of physical properties of materials and methods of manufacture of 
sand on workability of comparable mortars is shown on figure 366. Pour sands 
of identical grading were used for the comparison. 


S/C 3.0 (ABS. VOLUME) 




Figure 366 . — Mortar tcorkability oj sand. 


TESTS ON ROCK FLOUR-CEMENT MIXTURE FOR GROUTING 

To determine the suitability of the rock-flour-cement mixture for grouting, 
tests were made in an attempt to learn the characteristics of the resulting prod- 
uct. These tests indicated that economies could be effected by using a rock- 
flour-cement grout containing calcium chloride. 

The first test was in the form of a trial run of the material through a pipe 
about 200 feet long, laid with the usual number of fittings and irregularities. 
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and then returning to discharge into the mixer the grout consisted of equal 
parts of cement and rock flour and had a water-solid ratio of 1.0. The mixture 
was circulated from tlie pump very slowly to allow opportunity for depositing 
and building up in the pipe line. Every 2 hours, a fresh batch replaced the 
one in circulation to avoid the loss of chemical properties occurring when cement 
remains in an agitated solution. Samples of the grout were obtained from 
the mixer to be observed for rate of setting, hardness, and for a general com- 
parison with cement grout. The test was continued for 48 hours, at the end 
of which time the pipes and pump were dismantled and found to be bright 
and clean, altogether different in appearance from what would have been 
expected if only cement had been used. With cement grout pumped at the 
same rate, the pipes would have plugged with the material soon after the test 
was started. The samples that had been taken from the mixer hardened more 
slowly than regular cement grout. 

These preliminary tests indicated that the characteristics of rock-flour-cement 
grout differed from those of cement grout to a degree that would make it desir- 
able to revise the scheme of grouting if its use was adopted, and established 
the necessity for laboratory tests supplemented by additional field investigations. 

Laboratory tests. 

The data contained in table 167, were the results of tests performed in the 
laboratory. The Bouyoucos hydrometer analysis indicated that rock flour was 
finer than cement and the moisture-weight determination was obtained for 
use in proportioning mixes. The time-of-set data were perhaps the most inter- 
esting and pertinent as regards the determination of the suitability of the 
material for grouting. It was definitely proven that the addition of rock flour 
had a retarding effect upon the time of set of the mixture. 


Tabx.e 167. — Results of tests performed on rock flour. 


Rock flour — Moisture 

Bouyoucos hydrom- 
eter analysis — 

Rock flour 

Rock flour — Moisture 

Bouyoucos hydrom- 
eter analysis— 
Rock flour 

Percent 
bone dry 
basis 

Unit weight 
(pounds per 
cubic foot) 

Particle 

size, 

microns 

Percent 

smaller 

Percent 
bone dry 
basis 

Unit weight 
(pounds per 
cubic foot) 

Particle 

size, 

microns 

Percent 

smaller 

Loose 

Rodded 

Loose 

Rodded 

0 

83 

93 

1 

3 

30 

124 

124 

30 

48 

5 „ __ 

59 

66 

5 

10 

35 

119 

119 

35 

55 

10 

60 

73 

10 i 

17 

40--- 

114 

114 

40 

63 

15 

70 

81 

15 

24 




97.3% passed No. 

20 

86 

95 

20 

32 




200 sieve 

25 

122 

125 

25 

39 



• 




SETTING TIME 



Mix by volume 

Initial 

set, 

Final 

set, 

hours: 

min- 

utes 

i 

Mix by volume 

Initial 

set, 

Final 

set. 

Test No. 

Ce- 
ment 1 

Rock ! 
flour 

Water 

hours: 

min- 

utes 

Test No. 

Ce- * 
ment 

Rock 

flour 

Water j 

hours: 

min- 

utes 

hours: 

min- 

utes 

1 

1 


<0 1 
0) <•) i 

m 

* 134 
0) 

2:10 

5:00 

9 

2 

1 

(0 

C 1 ) <*) 

m 

*1*4 

(0 

2:50 
1:45 
! 11:00 
4:05 

6:35 

2 

1 


0:40 

2:00 

(») 

( ! ) 

6:50 

10. _ 

2 

1 

3:25 

3 

1 


36:00 

11 

2 

1 

22:00 

4 

1 


j 24:00 

12 

2 

1 

10:30 

5 

1 

1 

1 3:15 

13 

1 

2 

4:30 

6:45 

Q. _ __ __ 

1 

1 

0) (*) 
1M 
*1M 

! 2:45 

5:00 

( 3 > 

14 __ 

! i 

2 

0) 0) 
1)4 
2 1)4 

i 

2:15 

4:20 

7 

1 

1 

30:00 

15 

l 

2 

16:00 

36:00 

8 

1 

1 i 

28:00 


16 

1 

2 

. 

10:00 

18:00 


i Normal consistency (water 23 percent by -weight of cement, or cement and rock flour). 

* CaCh, 3 percent bv weight of cement, was added to the water. 

* Did not attain final set in days. 
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Addition of calcium chloride. 

Calcium chloride had a tendency to correct the undesirable qualities of the 
rock flour mixture. The addition of 3 percent of this chemical by weight of 
the cement accelerated the set to a degree that counteracted the retardation 
resulting from the use of rock flour. The resulting product possessed char- 
acteristics of pumping and handling similar to those of the regular Portland 
cement grout. Compressive tests on specimens removed from the mixer in the 
field (proportions of 1.0 cement, 1.0 rock flour, and 1.0 water) failed at 600 
pounds per square inch at an age of 14 days. These tests also indicate that 
the product was sufficiently sound to resist erosion. In appearance the 
product was little different from the regular grout, being dense and appar- 
ently impermeable though not quite so hard. Specimens cored from grout-filled 
seams after the rim grouting was under way failed in compression at 2,000 
pounds per square inch at an approximate age of 45 days. 

Trial run. 

To learn more of the properties of the rock flour grout, a test was conducted 
in which an effort was made to simulate the conditions surrounding the actual 
s-routing of a seam. Four concrete slabs ground to a flat uniform surface 
on one side were matched in pairs. Metal shims held the slabs apart lie-inch 
and the grout entered this space through a 1-ineh pipe passing through the 
center of the upper slab. A barrel in which the level of the grout was held 
constant by an overflow pipe, and into which the grout pumps discharged, 
served to maintain a constant static head on the slabs. The pressure at the 
rioint where the grout entered, the lie-inch space was observed constantly dur- 
ing the test by means of a manometer. The tests on the different grouting 
mixtures were run separately, though simultaneously, so that differences in 
temuerature might not affect the comparison. Throughout the duration of the 
without interrupting the continuity of flow, old grout was replaced 
hv fresh grout at frequent intervals. A record of the temperatures revealed 
that consistently higher temperatures prevailed in the regular cement grout. 
The results obtained from a number of tests axe summarized below : 


Mix by volume 



Time re- 
quired to 
grout space 
between 
slabs, hours 

Ratio of 
grouting 
time 

Cement 

Rock flour 

Water 

— 


m 

VA 
I 2H 
1 2H 

19.25 

64.30 

30.30 
9.50 

1.00 

3.34 

1.57 

.49 


i 

1 



1 To these mixes were added 3 percent Ca Cl . z (by weight of cement) . 


PRELIMINARY FINE AGGREGATE INVESTIGATION 

Prior to the selection of the crushing machinery for the production of fine 
aggregates for Norris Dam, samples of quarry rock were sent to several crusher 
manufacturers for testing. These rock samples were reduced to pass a standard 
No 4 mesh screen in various types of crushers, including roll crushers, rod mills, 
modified gyratory crushers, and hammer mills. The resulting products were 
screened and the gradation curves plotted, and samples^ of the classified sand 
for each machine were compared as to the shape of the individual particles. 

All of the gradation curves followed the same general trend. There was a 
sn^luf of thf coarse sizes (plus 8 and plus 14 mesh) and a deficiency of the 
sizes (nlus 28 plns 48, and plus 100 mesh) when compared to the desired 
Ration of nearly equal amounts 5 of each size. From this viewpoint, therefore 
there was little or no choice as to which machine should be used. It was clearly 
indicated thaif improvement in gradation could be effected only by selects 

SC A^arked 'difference ^ 1 wS appar^t to tle° gmto shapes of the products of the 
various machtaes The hlmmer mill product was cubical, the products of the 

155813 — 4 0 *9 
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gyratory crushers were wedge shape, pyramidal, and flat, while the product of 
the rolls was composed of splinters. As a cubical shape is the most desirable 
of the shapes discussed, the hammer mill product was superior. The grain 
shape of the material from one of the gyratory crushers was quite good; 
although not cubical, the pyramidal grains were not elongated to a marked 
degree. 

It was claimed that the particle shapes from the cone crusher would be 
greatly improved under an operating condition where the discharge opening of 
the crusher was larger than the maximum size of grain in the product desired 
and the oversize screened out and recirculated for recrushing. The crusher 
must be choke-fed ; that is, the annular feed opening must be filled to capacity. 
A considerable amount of the reduction would result from attrition grinding 
or crushing between particles as against crushing between the metal surfaces 
of the concaves, the latter crushing condition producing fiats and undesirable 
shapes. This claim seemed supported in a plant where a cone crusher was 
being operated under these conditions. Consequently, the cone crusher was 
strongly considered for sand production, due largely to its freedom from repairs 
when compared to the attention required by a hammer mill. 

To investigate further the use of this type equipment, a 3-foot Symons short- 
head cone crusher was rented and installed at the quarry. Tests on it were 
carried out with specific information being obtained on : 

1. Gradation of the sand, or that portion of it passing a No. 4 mesh screen, 
with special attention to the part passing a No. 100 mesh screen, and also with 
the change in gradation, if any, due to changes in feed condition or load on the 
crusher. 

2. Quality of the sand ; that is, the shape of the individual particles or grains. 

S. Amount of the circulating load, or that oversized portion of the crusher’s 

product returned for further grinding. 

4. Capacity of the crusher as a whole, and the capacity to produce sand 
passing a No. 4 mesh screen. 

Description of plant. 

In general, the plant lay-out consisted of the crusher, two belt conveyors, and 
a screen. These units were so arranged that the crusher could be operated in 
a closed circuit. The feed for the crusher was taken from a bin and consisted 
mostly of 1*4- and %-ineh stone. From the bottom of the storage bin the 
first conveyor transported crusher feed to the double deck screen located over the 
crusher. Material from the crusher was carried by the second conveyor and 
deposited on the first conveyor. In this manner new feed and crusher products 
were elevated together to the screen where by various chute arrangements the 
sized materials could he sent through the crusher or to the sand storage bin. 

All oversize from the upper deck of the screen was dropped into the crusher 
while material passing the lower deck was chuted to the sand bin. That 
material retained on the lower deck was sent either to the crusher for further 
reduction or to storage as finished product. An adjustable blade gate at this 
point permitted separation in any desired proportion. 

Gradation and particle shape. 

The gradation of the product varied with the load on the crusher, the best 
gradation being obtained when the crusher was choke-fed. Figure 367, curve A, 
shows gradation for products under a choke-feed and curve B shows product 
with light load conditions (less than half capacity) for the same setting. 
Further ^ investigation showed that the shape of grain varied with the load and 
the setting of the crusher. The best shaped particle was obtained when the 
crusher was set at about %-ineh opening and choke-fed. Smaller settings 
produced flat particles. The grain shape was not quite as cubical as the one 
produced by hammer mills. It had a greater proportion of wedge-shape particles 
than cubes. Figure 111 affords a comparison of the two products and clearly 
shows the preponderance of slag particles in the cone crusher product. 

The plant was operated at full capacity under three conditions, differing only 
as to arrangement of screen cloths and the size of mesh used. A screen analysis 
curve of the products with each condition is shown as compared to a desired 
gradation curve in figure 367. 

1. The screen was operated as a single deck screen with a cloth having a 
6.194-inch opening. 
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2. In an effort to reduce the proportion, of the larger sizes a screen cloth 
having a smaller opening (0.145 inch) was tried. 

8. The first two tests indicated that a better sand could be obtained by the use 
of a double deck screen so arranged that the proportion of the coarser sizes is 
controllable to a degree by selective screening and recirculation. The upper 
deck was fitted with a cloth having a 0.194-inch opening, and the lower deck 
with one having an opening of 0.095 inch. The resultant product was composed 
of all sand passing the lower deck, plus one-third of that passing the upper 
screen. This condition gave the best results obtainable with the plant set-up. 



Crusher capacity. 

Measurements were made of the crusher output by diverting the material on 
the conveyor belt into sample boxes for a noted time and converting to tons. 
The capacity for condition 1 above was 58 tons per hour at %-inch setting with 
the feed consisting of one-third new feed and two-thirds circulating load. Under 
this condition the amount of material produced passing a No. 4 mesh screen 
was 20.5 tons per hour. For the best graded sand as in condition 3, the system 
output was 18.6 tons per hour. 

Workability tests. 

Tests were made on hammer mill and cone crnsher sand to determine the 
amount of cement paste required to produce the same workability. The ham- 
mer mill sand was the product of a mill in a local cement plant, several truck- 
loads of quarry stone having been hauled to the mill for crushing. Cone crusher 
sand was obtained from the experimental crushing plant. 

Two methods were employed to determine the relative workability of the 
mortars made with the two sands. One method was the use of the flow table, 
and the other was the use of an improvised rig, called the “pendulumeter.” 
This latter instrument consisted of a sharp blade fastened to a steel ball 
suspended so as to swing in a constant arc. The mortar to be tested was de- 
posited in a trough, leveled, and placed in the path of the pendulumeter. The 
ball was pulled back to a fixed point and released. The point of the blade 
raked through the mortar for a certain distance, depending on the plasticity of 
the mortar. 

Tests were made with mortar of different mixes but with constant water- 
cement ratio. Therefore, for two mixes of the same proportion of cement paste 
to aggregate, any difference in plasticity or workability would be due to the 
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nature of the sand in the mortar. Each sand had been screened and recom- 
bined to the same gradation. 

Table 168 shows the result from the flow table and the pendulumeter tests for 
mortars mixed in varying proportions with a cement paste of a constant water- 
cement ratio (0.6 by weight). 

Table 168. — Results of flow table and pendulumeter tests 


1. 

2 . 

3 . 

4. 


Flow table tests 


Pendulumeter tests 


Mix No. 


Cone - Hammer 
crusher mill 


Cone Hammer 

crusher mill 


Percent 


Percent 


96.3 

78.3 
<63.0 
29.6 


108.3 
84. 1 

59.8 

48.9 


34.3 

26.3 
19.0 
13.5 


27.3 

23.5 

16.6 


Mixes were then made using more cement paste with the cone crusher 
mortar than with the hammer mill sand in an effort to get the same percentage 
flow. These indicated that the same percentage flow could be obtained with 
the addition of about 4 to 5 percent more cement paste to the cone crusher sand 
mortar. 

Further tests were made on the two sands using concrete instead of mortar. 
The sands were screened and recombined to the same gradation as before, and 
mixed with equal amounts of %-inch gravel of the same gradation. The batches 
were mixed with varying amounts of cement, using constant water-cement ratios. 
These tests substantiated the results from all other tests in that concrete made 
with sand produced by a cone crusher requires more cement for the same 
workability than concrete made with sand produced by a hammer mill. 

Comparison of plant costs. 

Capacity tests of the 3-foot cone crushers indicated that two 5% -foot machines 
would produce sand at the desired rate. These two machines with motors and 
accessories would cost about $86,000. Two hammer .mills with equivalent 
capacity with motors and controls would cost about $12,000. The plant lay-out 
and other machinery units necessary to complete the installation for sand man- 
ufacture would be the same, whether cone crushers or hammer mills were used 
for the reduction units. The $24,000 difference in cost between the two installa- 
tions when applied to the total sand requirement of 570,000 tons provided 4.2 
cents per ton for hammer maintenance and repairs. 

Summary of investigation. 

Reviewing the points influencing the decision to use hammer mills instead of 
cone crushers to produce sand : 

1. A cement saving of from 4 to 5 percent was indicated if hammer mill 
sand were use?d instead of cone crusher sand. 

2. The lower first cost of the hammer mills would, in a large part if not 
wholly, pay for hammer renewals. 

3. The gradations of the products of the two mills were substantially the 
same, indicating that for a better graded product selective screening was neces- 
sary. The material passing a No. 100 mesh sieve was expected to be somewhat 
more with the hammer mill product, resulting in additional waste through 
washing. 



Appendix F 

ACCEPTANCE TESTS 

CEMENT ACCEPTANCE TESTS 

Close plant control was required for the manufacture of modified type R 
Portland cement as specified by the Authority. Inspectors were stationed at the 
mills furnishing cement and took samples of each 200 barrels under early con- 
tracts and of each 400 barrels under the later ones. These samples were sealed 
in airtight containers properly identified and shipped to the Knoxville laboratory 
for testing. Bins were sealed until the time of shipment or rejection as de- 
termined from the results of the tests. 

At the time the samples were shipped hy the plant inspector, a form letter 
was sent to the laboratory outlining pertinent facts concerning the shipment. 
At the laboratory, physical tests were made for soundness, time of initial and 
final set, strength (at 3, 7, and 28 days), and specific surface. Routine chemical 
and strength tests were made for each 800 barrels. Forms used for recording 
these tests are shown in figure 368. All routine acceptance tests were sum- 
marized on a single laboratory record (TV-472), which was further s um marized 
(TVA-469) for distribution to the interested parties on the construction project 
to which the cement was consigned. Figure 369 shows these summary forms. 

With the completion of all acceptance tests, the cement company and the 
plant inspector were advised by letter of the results of the tests. If the cement 
was acceptable the letter served as a release for shipment, and as a check of 
the shipments by the inspector. 

Shipments of accepted cement from the mill to Norris Dam were made by 
railroad. Cars were loaded under tbe supervision of the inspector who executed 
the cement acceptance report and the daily report of shipment, shown in figure 
369, making out a separate sheet for each silo. This latter report, accompanied 
hy a certificate of inspection (a form letter) was sent to the materials division 
to complete the sequence of inspection routine necessary for the delivery of the 
cement. 

STEEL ACCEPTANCE TESTS 

The routine for the acceptance of materials other than cement usually 
required the physical inspection of the materials and workmanship at the 
plant of the manufacturer as explained in chapter 6. In eases where chemical 
analyses were required in addition to the physical tests, samples were sub- 
mitted to the Knoxville laboratory. 

Typical of these were the chemical analyses of the steel for the turbine 
shafts and crown plates. Borings from the former were analyzed for the per- 
centage of manganese, phosphorus, and sulfur and from the latter for carbon, 
phosphorus, and sulfur. 

Borings were taken by the TVA plant inspector, from test coupons and each 
sample sealed in a 3- by S^-inch envelope for transmittal to the laboratory- The 
face of this envelope and the sample identification for accompanying it are shown 
in figure 370. 

Upon the completion of the laboratory analyses the reports were completed 
as shown in figure 370, and the material was either accepted or rejected, depend- 
ing on whether or not the material had met the specification requirementa 

TURBINE ACCEPTANCE TESTS 

Turbine acceptance tests, made during October 1937 on both power units, were 
conducted by means of the Gibson 1 method for measurement of water flow in 
closed conduits. 

1 Gibson, K. R., The Gibson Method, an Apparatus for Measuring the Flow of Water 
in Closed Conduits, Transactions, American Society of Mechanical Engineers, 1923- 
Thoma, D., Concerning the Degree of Accuracy of the Gibson Method of Measuring tne 
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This method of water measurement is based upon the equation of impulse 
and momentum, and affords a means of determining the steady-state discharge 
in closed conduits by taking a continuous photographic record of pressure rise 
with respect to time, following fairly rapid closure of the turbine gates. With 



IheiTRE J$68. — Fonris*jisecl for routine acceptance tests on cement. 

the conduit dimensions known, the difference between the initial discharge and 
the leakage flow — which escapes when the turbine gates are completely 
closed — may be obtained from the pressure-time diagram. There are two alter- 
nate types of diagrams : the simple diagram in which pressure changes at one 

Flow of Water, Transactions, American Society of Mechanical Engineers, 1935, Hyd-57-4- 
Gibson, N. R., and Strowger, E. B., Experimental and Practical Experience with the 
Gibson Method of Water Measurement, Transactions, American Society of Mechanical 
Engineers, Hyd— 57-5, 
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fixed cross section are recorded; and the differential diagram, in which the 
instantaneous difference between changes in pressure between two fixed cross 
sections in the conduit are recorded. The differential method was emploved 
because of the slightly greater accuracy. * 



FORM 466 -THIN PAPER fl|*x II" 


Figure 369 . — Forms used for summarizing cement tests and for reporting acceptance and 

shipment. 

Tests made. 

The entire test was conducted under the provision of the Power Test Code 
of the American Society of Mechanical Engineers, Series 1926, except that all 
electrical instruments, including current and potential transformers, were not 
calibrated both before and after the test. Computation, of turbine efficiencies 
required readings to determine the flow, net and gross heads, and power output 
at various gate openings.. Headings on overspeed were also made. 



760 


THE 3STORRIS PROJECT 


Arrangement of equipment. 

For the Gibson apparatns two sets of four piezometers were installed in 
each penstock, as shown in figure 371, at a distance of 91 feet 10 inches apart. 
Pipe connections from each set of taps terminated at the walkway at the 
downstream face of the dam where the Gibson pressure-recording apparatus 
was installed. 



SAMPLE ENVELOPE r - *- Grob »> 

HEAVY BROWN PAPER 3jx5f 


I FORM 449A - THIN PAPER J 

Figure 370 . — Sample envelope and form for steel acceptance tests. 

The gross head on the turbine was measured by reading the reservoir and 
tail water elevations. The tail water elevation was determined by means of 
& float gage, located in the powerhouse, which is a part of the regular operating 
equipment. Indication of the float gage level is transmitted to the control room 
by means of a standard selsyn motor arrangement. 
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Measurement of the net head on the turbine was made by means of a special 
water manometer constructed by the Authority. One leg of this manometer 
was connected to a pipe which led to four net head piezometers located a few 
feet downstream from the entrance to the scroll case. The other leg was con- 
nected to a pipe which led to piezometer No. 9, located in the reservoir on the 
upstream face of the dam. Compressed air, introduced in a header joining the 
ton of both legs, depressed the water columns. The difference in height of the 
water columns represented the sum of the velocity head at the net head piezom- 
eter section, and the loss of head from the reservoir to the net head piezometer 

Se< Although not specifically required for determining turbine efficiency, an addi- 
tional piezometer line was installed directly behind the rack structure and was 
used to determine the head loss due to the trashracks alone. 



current and potential t J a “ s ^ orE ?®!'? TtToffidal generator output. A check on 
leads, and these were added to obtain the official geerat y recording watt- 

the above readings was obtained by a .r^ypb se .. about gg kilowatts 

meter. The output of the main and pilot exciters, aggregaung await oo 
at full gate, were Included with ^e main genwator ou®ut in ^ompuu g 
performance. The power factor of the generator loan v» y 
throughout the turbine and combined unit tests. 
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Preliminary measurements. 

To determine a pipe factor to be used in connection with the Gibson flow 
measurement, the final cross sections of the penstock pipes were measured at 10 
different points. These were made at four different diameters at each of the 
10 sections after the dam had been completed, the penstocks cleaned and painted, 
turbine and generator assembled, and all concrete poured. These 80 measure- 
ments averaged 19 feet 11 13 Aq inches, and ranged between 19 feet 10% inches 
and 20 feet inches. 

Prior to the test, relative densities of mercury and water were computed 
from Smithsonian tables with due regard to the temperatures. To check the 
results obtained a manometer was set up in which a 127.80-foot water leg was 
balanced by a 9.405-foot mercury leg at a temperature of 14.5° C., resulting in a 
relative density of 13.5885. The mercury used in this test was a portion of that 
used in the actual tests. 

To obtain the total turbine discharge for each test run, it was necessary to 
add the turbine leakage quantity to the Gibson diagram quantity. The leakage 
quantity for both turbines was computed from the measured clearances at the 
bottom, top, and between the turbine gates. The orifice area created by these 
clearances was computed to be 0.0991 square foot for each of the two units. 
Experience gained from making leakage tests on other turbines indicates that 
tbe coefficient of discharge “C” in the standard orifice formula is approximately 
unity (1.0) for this type of orifice. With these values and at a head of 170.70 
feet on the orifice, the leakage quantity was computed to he 10.4 cubic feet per 
second. A value of 10.0 cubic feet per second was used for both units, which is 
approximately 0.22 percent of the turbine discharge (approximately 4,550 cubic 
feet per second) at full gate under a net head of 180.0 feet. 

A governor closing time was chosen to give the most favorable adjustment to 
the recording apparatus, which was found to be about 15 seconds. 

Test results. 

Results of the turbine and combined unit efficiency tests for 180 feet net head 
are given in table 169. Figure 372 is a graphical presentation of the same data 
for unit No. 1. Tbe results were practically the same for the two units. Al- 
though the acceptance tests were based on performance at a net head of 180 
feet, the curves in figure 372 also present the test data on the basis of perform- 
ance at a gross head of 180 feet. 

Tabjle 169. — Results of turbine and unit efficiency tests 


Turbine efficiency at 60,000 horsepower 

Maximum turbine efficiency 

Output at maximum efficiency 

Generator output at maximum turbine effi- 
cieney. 

Discharge at maximum turbine efficiency 

Maximum combined turbine and generator test 
efficiency. 

Correspond lug generator output 

Turbine efficiency at 75,200 horsepower 

Pull gate test capacity: 

Turbine , 

Turbine efficiency 

Generator 

Turbine discharge 

Guaranteed capacity 


Unit of measure 

Unit 1 

Unit 2 

Guar- 

antee 

Percent. 

.do. 

Horsepower.. 

Kilowatt 

93.1 

93.2 
62, 000 
45,400 

93.3 
93.3 
62, 000 
45, 400 

91.0 

60,000 

Cubic feet per second - 
Percent 

3,259 

91.3 

3,255 

91.5 


Kilowatt.. 

Percent... 

44,000 

88.9 

44,000 

89.9 

86.0 

Horsepower 

Percent 

Kilowatt. 

Cubic feet per second 

Percent.. _ 

... 78,300 
84.1 
... 57,400 
... 4,560 

104 

78,300 
84. Q 
57, 400 
4,562 
104 

75,200 

86.0 


Tbe total bead loss between tbe reservoir and turbine amounted to 0.61 foot 
at full turbine gate opening and 0.33 foot at best gate opening, indicating high 
over-all plant efficiency. Tbe loss at tbe trashracks amounted to only 0.01 foot. 

During tbe tests made to determine tbe runaway speed, unit No. 1 attained a 
speed of 188.8 revolutions per minute at 165.3 feet bead, while unit No. 2 
reached 184.0 revolutions per minute at 157.9 feet head, corresponding to a 
stepped-up value of 211 revolutions per minute at the maxi mum head of 207 
feet, or 1.8 percent less than tbe maximum guaranteed runaway speed of 215 



TURBINE EFFICIENCY * PERCENT TURBINE EFFICIENCY- PERCENT 

TURBINE OUTPUT - thousand HORSEPOWER (Reservoir to coupling) (Reservoir to coupling) 
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TURBINE OUTPUT - THOU5AMD HORSEPOWER 




Figure 372 - — Results of efficiency test by Gibson method — Unit No. 1. 


COMBINED EFFICIENCY - PERCENT COMBINED EFFICIENCY - PERCENT 

(Reservoir to bus bar) (Reservoir to bus bar) 
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revolutions per minute. Readings of the mercury manometers attached to 
the Winter-Kennedy scroll ease taps indicated that the discharge is reduced 
materially under runaway conditions. Full gate discharge was approximately 
25 percent less at runaway than at normal operating speed, while the corre 
sponding half-gate discharge was reduced 12 percent. 

GENERATOR ACCEPTANCE TESTS 

The generator specifications required that the first seven of the following ac- 
ceptance tests should be made on each generator, and that the balance should 
be made on only one generator. 

1. Dielectric test of armature and field windings. Armature windings, 28,600 
volts for 1 minute. Field windings, 5,000' volts for 1 minute. 

2. Resistance of armature and field windings. 

3. No load saturation test. 

4. Short-circuit saturation test. 

5. Telephone interference factor determination. 

6. Overspeed test. 

T. Short-circuit test at no load, rated speed, and 110 percent of rated voltage. 

8. Efficiency test, including the determination of all losses. 

9. Heat r un s to determine temperature rise under continuous load at rated 
output. 

10. Deviation of wave form factor. 

11. Test to determine direct-axis transient reactance and synchronous re- 
ft ctance. 

12. Test to determine short-circuit ratio. 

These tests were completed in December 1937 with the exception of a slight 
revision of test No. 1 for generator No. 2 and omission of test No. 7 for both 
generators. The dielectric test for generator No. 2, which was the first one 
tested, resulted in a failure from the neutral leads to the bolts holding the 
supporting clamps in from 15 to 37 seconds. The manufacturer reinsulated 
the leads and retested at 21,500 volts by mutual agreement between the Au- 
thority and the manufacturer. Similar reinsulation was made on generator 
No. 1 and it was tested at 28,600 volts. The short-circuit test was waived for 
both generators. 

Cold resistance readings of the armature and field windings were measured 
by the voltmeter-ammeter method. The resistances corrected to 75° C. are shown 
in table 170. 

Table 170. — Resistances corrected to 75° centigrade 



Unit No. 1 

Unit No. 2 

Resistance in ohms: 

Rotor — Field . , 

0. 232010 

0.233300 

Stator — -Phase BC „ 

. 022856 

.022831 

Stator — Phase AC * 

. 022826 

.022876 

Stator — Phase AB 

.022856 

.022852 




As the saturation curves for both units were almost identical, only those 
for unit No. 2 are shown in this appendix. Figure 373 shows saturation curves 
for both no-load and short-circuit conditions. Full-load saturation curves at 
100, 90, and 0 per cent power factor are also included. 

The telephone interference factor was measured with an interference meter 
and. found to be : 



Unit No. 1 

Unit No. 2 

Telephone interference factor: 

trine to line. 

18.84 

11.86 

18.43 

Residual.. I " 

11.70 



The overspeed test for each generator was made in conjunction with the 
overspeed test for the entire unit including the turbine and generator. The 
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results have previously been outlined in that part of this annendiic 

the turbine acceptance tests. p 1 Tnis cohering 

The efficiency tests were made on unit No 2 at <30 
factor for 25-, 50-, 75-, and 100-percent loads. The resits oTttiTtests fncludtol 
all losses and efficiencies, are shown In table 171. Figure 374 shows grapWcallf 



Figure 373. — Saturation curves and field heating curve of unit No. 2. 


the same results. The determination of losses was made by the retardation 
method, which necessitated calculating the flywheel effect of the rotating parts. 
This amounted to : 

W r 2 — 65,340,000 pounds-feet s 

The heat run was made on unit No. 1 by loading the generator into the 154- 
kilovolt system. A load of 56,000 kilovolt-amperes at 0.76 power factor was 
obtained. Pow'er measurements were taken with the switchboard instruments. 

Field volts and amperes were read by means of portable instruments and the 
temperature of the field was calculated from the rise in resistance by means 
of the curve of figure 373. All eight coolers were in service and cooling water 
temperature was 13° C. Since the amount of cooling water could not be 
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measured, the main valve was throttled to give a temperature of not over 85° C 
on the machine. Temperature readings were taken of the stator windings, 
stator core, exhaust air, entering air, and guide and thrust bearings. The 
temperature of the field at the end of the test was 85.5° C. The ingoing air was 
at 34.5° C. The temperature rise was thus 50.5° C. for the armature and 
51.0° C for the field. The field current was 888.1 amperes at 0.76 power fac- 
tor during the test. At 0.9 power factor, the field amperes would have been 
729 and the field temperature rise 30.5° C. The temperature rise of both 
armature and field were thus found to be within guarantee of 60° G. above 
40° O. ingoing air with cooling water at 25° C. 



0 5 10 15 eo 25 30 35 40 45 50 55 60 


GENERATOR OUTPUT - THOUSANDS OF KW 
Figure 374 . — Losses and efficiencies of unit No. 2. 


Table 171 . — Acceptance tests — generator No. 2, tabulation of losses and efficiencies 



90 percent power factor 

100 percent power factor 

Percent load 

100 

75 

50 

25 

100 

75 

50 

25 

Field amperes 

729. 00 

650. 00 

571.00 

496. 00 

590. OO 

546.00 

502.00 

460.00 

LOSSES 

Friction and windage 1 

Core loss 

Stator I*R loss at 75° C 

Load loss 

Rotor im loss at 75° C 

Main exciter losses 

Filot exciter losses 

340.00 

276. 00 
188.50 

98.00 

123,98 

11.30 

7.422 

340. 00 
275. 00 
106. 03 
55.00 
98. 57 
9. 09 
6. 887 

340.00 
274.50 
47. 12 
25.00 
76.07 
7.20 
6.354 

340.00 

274.00 
11.78 

6. 50 
57.39 
5.57 
5.823 

340. 00 

276. 00 
188.50 

98.00 

81.20 

7.68 

6.620 

340. 00 

275.00 
106.03 

55.00 
69.25 ; 
6. 656 
6.089 

340. 00 
274. 50 
47. 12 
25.00 1 
58.79 
5.72 
5.558 

340. 00 

274. 00 
11.78 

6. 50 
49.37 
4.855 
5. 032 

Total losses 

1,045.202 

890. 577 

776.244 

701.063 

998. 000 

858. 325 

756.688 

691. 537 

Kilowatt rating 

Kilowatt rating+kilowatt 
losses 

50,400.000 

51,445.202 

37,800.000 

38,690.577 

25,200.000 

25 976 244 

12,600.000 

13 301 063 

56,000.000 

one nnn 

42,000.000 

Af> OKO OQK 

28,000.000 

OQ OQ 

14,000.000 

Percent losses 

Percent efficiency: 

Item test 

Guarantee 

2.032 

97.968 
t 97.300 

2.302 

97.698 

97.000 

2. 988 

97. 012 
96. 100 

5.‘271 

94.729 

93.400 

uUj yyo.uuu 

1.751 

98.249 

97.750 

2.003 

97. 997 
97.450 

A0 9 i 00.000 

2.632 

97.368 

96.600 

4.707 

95.293 

94.100 


1 Includes friction and windage of generator, main and pilot exciters. 
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To determine the deviation factor of th* * 

taken on each phase of unit No. 2, and one an ? scilIo ^ ram ^as 

was also taken. The wave forms shown on ° f the wave fom 

satisfactory. on “ ese oscillograms were considered 

Reactance tests were also made on mit -nt,, o • 
speed, and one-third voltage. The constants de'tern^^ 11 ? at 110 loa<i ’ rate<1 
the three-phase current, field amperes, and timing waveVere™ osclllograms of 

Synchronous reactance Percent 

Subtransient reactance ZZZZZ 5 

Transient reactance 2ZZ_ J3.2 

The short-circuit ratio was computed to bp i no ± , 

no-load and short-circuit saturation curves to fom this ratio ? taken fr ° m the 

Field amperes at no-load rated voltage 

tru /-lid „ 4 . 


Field amperes at rated armature 


amperes, armature short circuited 




Appendix G 

TYPICAL SPECIFICATION FORMS 

Formal notices to bidders specifying the material or services needed and 
describing the requirements and conditions of the bidding as specified in sec- 
tion 9 (h) of the amended act for purchasing major equipment or materials 
are shown on the following pages. These forms were modified slightly from 
time to time as conditions required, but the ones shown, together with the 
specifications for the discharge conduit slide gates are typical for formal 
contracts. A purchase order form for an informal contract is shown in 
figure 2S5. 

TYA 364 

TENNESSEE VALLEY AUTHORITY 

Date , 193 . 

Notice to Biddebs 

Sealed bids, in , will be received at the office of the Di- 
rector of Purchases until m., central standard time, 

193 ; for 


Invitation to bid, conditions^ bid bond, specifications, form of contract, and 


performance bond may be obtained on or after 193 , at 

the office of the Director of Purchases. A charge of $ , which will 


not be refunded, will be made for tbe above documents. 

C. H. Oabity, 
Director of Purchases. 

Address : 

Old Post Office, 

Knoxville , Tenn. 


TVA 356 

TENNESSEE VALLEY AUTHORITY 

Date 193 . 

Invitation to Bid 

Sealed bids, in subject to the conditions set forth herein, 

will be received at the office of the Director of Purchases until 

o’clock, M., central standard time , 193 , and then 

publicly opened for 


Bids must be submitted on the Authority’s form of bid enclosed herewith. 
Envelopes containing bids must he sealed and marked on the upper left-hand 
corner with the name and address of the bidder and the date and hour of the 
opening and sent to the address set forth below (use enclosed gummed label 
for this purpose). 

C. H. Gaeity, 
Director of Purchases. 

Address: 

Old Post Office, 

Knoxville , Tenn. 


155813 — 40- 


-50 
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CONDITIONS OF BID 

1. Bid Documents. — These Conditions, the forms of Bid Bond and Performance 
Bond, the Specifications, Contract, and other documents attached hereto, shall 
constitute a part of the Bid and Contract, and should be carefully examined by the 
bidder before submitting bid. Bids not conforming to these conditions will 
be subject to rejection. 

2. Information Required of Bidders. — Bidder shall supply all information called 
for in the Bid Schedules, and Specifications, and these Conditions. 

3. Supporting Data. — Each bidder shall submit a full set of all supporting 
letters, drawings, specifications, and other data with each copy of his bid. 
Within five (5) days after date of notice of award, the Contractor shall furnish 
fifteen (15) additional copies of all drawings, specifications, etc., which were 
submitted with his bid to the Director of Purchases, Tennessee Valley Authority, 
Old Post Office Building, Knoxville, Tenn. 

4. j Bid Form. — All bids must be based upon the specifications and must be 
made upon the blank forms of proposal which are hereto attached. The form 
of proposal must not be changed; all appropriate entries of bid price, time of 
shipment, weight, and other data shall be made in the several blank spaces 
provided therefor. Proposals must give the price for each item of the work 
proposed both in words and in figures. 

5. Bid Guaranty. — Each bidder shall furnish a guaranty in the form of a Bid 
Bond in the form attached, with security satisfactory to the Authority, or a 
certified check on a bank that is a member of the Federal Reserve System, to 
the order of the Authority, in the amount of not les3 than five percent (5%) 
of the total amount of all lots covered by his hid. 

6. Weights and Freight Charges. — Each bidder shall state, in the blanks pro- 
vided therefore in the Schedule, the total shipping weight of each item he pro- 
poses to furnish, and these stated weights will be used in computing the 
delivered cost to the Authority. 

7. Prices . — Prices should he stated in units of quantity specified with packing 
included. In case of discrepancy between words and figures in a bid the 
prices written in words will govern. 

8. Trade 'Names. — If any item, or essential part of any item, bid upon has a 
trade name or brand, such trade name or brand must be stated in the bid. 

9. Federal Tare . — The prices bid in the schedules shall include any Federal 
Tax heretofore imposed by the Congress which is applicable to the work under 
this contract. If any sales tax, processing tax, adjustment charge, or other 
tax or charge is imposed or changed by the Congress after the date set for 
opening bids and made applicable directly upon the production, manufacture, 
or sale of the supplies to be furnished and is paid by the Contractor on the 
articles or supplies furnished, then prices stated in the schedules will be in- 
creased or decreased accordingly, and any amount due the Contractor as a 
result of such change will be charged to the Authority and should be entered 
on vouchers (or invoices) as separate items. 

10. Experience and Facilities. — The bidder may be required to furnish satis- 
factory evidence of experience and facilities for handling the work, and may 
also be required to furnish satisfactory evidence that he has, in the judgment 
of the Authority, adequate shops, plants, facilities, equipment, financial re- 
sources, business and technical organizations, and working capital to begin 
the work promptly and prosecute it vigorously in such manner as to secure 
completion within the time specified. 

11. Samples. — Samples of material and manufactured articles, when required, 
must be furnished free of expense prior to the openings of bids, and, if not 
destroyed, will, upon request, be returned at the bidder’s expense. 

12. Shipment on Government Bills of Lading. — At the request of the Author- 
ity the Contractor shall make any rail shipment on Government Bills of Lading 
furnished by the Authority rather than Commercial Bills of Lading, unless bidder 
has stated in the place provided in the Schedule that bid is based on making rail 
shipments on Commercial Bills of Lading. The Authority will advise the Con- 
tractor at the time of award whether shipment (s) are to he made on Govern- 
ment Bills of Lading or on Co mm ercial Bills of Lading. If shipment (s) are 
required on Government Bills of Lading, title to material shall pass to the 
Authority, f.o.b. ears at point (s) of origin, anything to the contrary herein 
contained notwithstanding. Such passing of title f.o.b. cars at point (s) of 
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origin shall not relieve the Contractor of anv oblieatinn« „ . . . 

bv him. There is also reserved the right to make imoeS ? t reta , med 
and to reject any and all material found not to comply with the contract a tme 
to such materia to revert to the Contractor and all freight ete s on such 
rejected material whether shipment was made on Government Billf nv T,a;^ 
or on Commercial Bills of Lading shall be paid by the Contactor S 

If award is made on prices quoted f.o.b. destination and shipment (si are 
required on Government Bills of Lading, the Authority shall be “titled to 
deduct and retain out of any payments due the Contractor a sum equal to 
the full commercial freight. equal 10 

13. Evaluation of Bids.— Whenever applicable, equalizing elements nr fantnr* 

not specifically mentioned or provided for herein, such afthe ““ of trans^r 
tation, erection, construction, or of inspection (including salaries traveL ar,* 
subsistence expenses), or any other element or factor in addition to that nf th« 
bid price which would affect the final cost to the Authority may be taken into 
consideration in making award of contract. ml ° 

In comparing bids and in making awards the Authority may consider such 
factors as relative quality and adaptability of supplies or services, the bidder’s 
financial responsibility, skill, experience, record of integrity in dealing abiUtv 
to furnish repairs and maintenance services, the time of delivery or performance 
offered, and whether the bidder has complied with the specifications 

14. Adjournment.— The Authority reserves the right to adjourn the time of 
opening bids from time to time by notice before or at the stated time of opening 

15. Award and Rejection.—' The Authority reserves the right to reject anv and 
all bids, to waive any informality in the bid, and, to accept or reject one or 
more of the items in the bid. Award will be made to only one bidder on this 
Invitation. 

16. Discounts. Bidder may offer discounts in the place provided in the bid 
and the discount periods in such event shall be computed from receipt bv the 
Authority of properly certified invoices, in triplicate, as stated in Articled of 
the contract and receipt at destination of material covered by said invoices. 
Discounts offered shall he applied to any payment made within such discount 
period. 

IT. Contract , Performance , and Payment Bonds.— The bidder to whom award is 
made shall execute the Authority’s form of Contract, Performance Bond with 
security satisfactory to the Authority, within ten (10) days after the prescribed 
forms are presented for signature. These forms should not he executed prior to 
award of contract. 

18. Time of Completion. — Time of completion will he of the essence of the 
contract. Work under this contract shall be completed as set out in Article 5 
of the attached Contract. 


19. Bidder's Specifications and Drawings.-— Each bidder shall submit with his 
proposal, complete specifications, cuts, and drawings describing, and illustrating 
the equipment which he proposes to furnish in sufficient detail to make possible 
a complete understanding of the equipment on which the bid is based. 

If the bidder intends to use, in the assembly of the equipment offered, parts 
purchased from another manufacturer, he shall state the name of such other 
manufacturer, or manufacturers, and shall give detailed information on all items 
purchased. 

20. Authority's Wage ScaZe.-— Attention of the bidders is called to the fact that 
all laborers and mechanics engaged in carrying out this contract on premises 
under the control of the Authority shall he paid not less than the rates of 
wages set forth in the attached Wage Scale, and the Contractor shall comply to 
all of its provisions. 

21. Comparable Installations . — Each bidder shall submit with his bid a list 
of installations of equipment he has made, comparable to the equipment he 
proposes to furnish under this Invitation. Such list should include size of in- 
stallation, by whom designed, for whom installed, date, and place of installation. 
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TUNING SSH3E V ALLEY AUTHORITY 
— Form of Bid 

Place 

Date 1_ 

To: Tennessee V -alljey Axjtee osier y, 

IC'tioop'iMe, Tenn. 

In compliance witT your Idyl tation for bids to furnish materials, supplies, 
and/or perform all work requ iredL, listed on tlie accompanying schedules, in strict 
accor<ian«ce with sill documents vwhich will constitute the contract, 

the uxtdeirsipned, , 

a corpora, tion. organised and existing under tbe laws of tlae State of 

a partner-ship- consisting of , 

an individual trading- as 

of the city of 

hereby proposes to furnish, -withnin the time specified, the materials, supplies, 
and/or perform atll work: required at the prices stated opposite the respective 
items listed on the schedules and agrees, upon receipt of written notice of the 

acceptance of this bi-d within. days (60 days if no shorter period be 

specified) after tire date of opezning of the bids, to execute, if required, the 
Authority’s form of contract in accordance with the bid, as accepted, and to give 
bond, if zreq uti red y with good and sufficient surety or sureties, satisfactory to 
tbe Authority, foir the faithful performance of the contract, within ten (10) 
days aftesr tine piresciribecl fourms are presented for signature. Discounts will 
be de-duded from, the gross anxount of the contract price, unless otherwise 
specified toy tbe hidden on this Form. 

Discount will bo allowed for prompt payment as follows : lO calendar days 

per* centum ( 9k) ; 20 calendar days per centum ( 9k ) ; 30 

calendar days per centum ( % ) ; or as stated in the schedules. 


CWi~tness to signature) (Full name of builder) 


(Address) 


tjenivessek: VALLEY AUTHOJRI'TY 

SCHZEDTT IiE FOR FORM 360 


ITEM 

ARTICLES OEC SETtVIC ZES 

QUAN"- 

UNIT 

UNIT 

AMOUNT 

:no. 

TITY 

PjEUCE 

hollars 

Cents 









(Bidder) 


IDENE" IFIOATION OF 1 BIODESB'S SPECIFICATIONS AND DRAWINGS 

The forogoing proposal is based on furnishing equipment in accordance with 
the Autthoarity’s specifications here following, and also with, the undersigned bid- 
der’s supplementary specifications ana drawings which are transmitted herewith, 
and winch are marked., signed, and dated for identification as follows : 


Bidder 
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TENNESSEE VALLEY AUTHORITY 
Bid Bond 

Know All Men by These Presents, That we, 

as principal, and. — — surety 

are held and firmly bound unto the Tennessee Valley Authority, hereinafter 

called the Authority, in the penal sum of ^ __ dollars 

($ ) lawful money of the United States, for the payment of which 

sum well and truly to be made, we bind ourselves, our heirs, executors admin- 
istrators, and successors, jointly and severally, firmly by these presents’. 

The Condition of This Obligation is Such, That whereas the principal has sub- 
mitted the accompanying bid, dated # 193 ? for 


Now Therefore, If the principal shall not withdraw said bid within the period 
specified therein after the opening of the same, or, if no period be specified 
within sixty (60) days after said opening, and shall within the period specified 
therefor, or, if no period be specified, within ten (10) days after the prescribed 
forms are presented to him for signature, enter into a written contract with the 
Authority, in accordance with the bid as accepted, and give bond with good and 
sufficient surety or sureties, as may be required, for the faithful performance and 
proper fulfillment of such contract, or in the event of the withdrawal of said hid 
-within the period specified, or the failure to enter into such contract and give such 
bond within the time specified, if the principal shall pay the Authority the differ- 
ence between the amount specified in said bid and the amount for which the Au- 
thority may procure the required work and/or supplies, if the latter amount be in 
excess of the former, then the above obligation shall be void and of no effect, 
otherwise to remain in full force and virtue. 

In Witness Whereof, The above-bounded parties have executed this instrument 

under their several seals this day of ; , 193 , 

the name and corporate seal of each corporate party being hereto affixed and 
these present duly signed by its undersigned representative, pursuant to 
authority of its governing body. 


C SEAX] 


Attest : 


Address 
By 


Principal. 


[SEAX] 

Attest : 


(Title) 

Surety. 

Address 

By — I::::::::::::::::::: 


(Title) 

The rate of premium on this bond is $ per thousand. 

Total amount of premium charges, $ 

(The above must be filled in by corporate surety) 

Contract No. TV- 

TVAS62 (2-38) 

TENNESSEE VALLEY AUTHORITY 

CONTBA.OT 

FOE 


Agreement, made this day of — - — *19®- 

between Tennessee Valley Authority, hereinafter called “Authority, and 


a _ 
of 


hereinafter called “'Contractor’ 
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WITNESSETH 

In consideration of tlie mutual covenants hereinafter stated, the parties agree 
for themselves, their personal representatives, successors, and — * 
follows : 

Art. 1. Scope of Contract . — 


Art. 2. Definitions . — Whenever the words defined in this article, or pronouns 
used in their stead, occur in this contract, they shall have the meanings here 
given : 

The words “Contracting Officer” shall mean the Director of Purchases of 
the Authority, acting directly or through his properly authorized agents. 

The word “Engineer” shall mean the Chief Engineer of the Authority, acting 
directly or through his properly authorized agents. 

The word “Contract” shall mean, collectively, all the covenants, terms, and 
stipulations in these articles of agreement and in the supplementary docu- 
ments hereto attached which constitute essential parts of the agreement and are 
hereby made such parts thereof, to wit: 

Invitation to Bid. 

Conditions of Bid* 

Contractor’s Bid including Schedules. 

Specifications and Drawings enumerated therein. 

The word “Specifications” shall mean, collectively, all of the terms and 
stipulations contained in the general and detail specifications appended to 
this Agreement. 

Art. 3. Consideration . — The Authority, agrees to pay and the Contractor to 
accept as full payment for the complete performance of this contract, in ac- 
cordance with all the terms and conditions herein contained, the respective 
sums stated opposite each item or lot of equipment in the schedules attached 
hereto, amounting to the total sum of dollars ($ ). 

For services of Erecting Engineers, if required, the Authority shall pay 


dollars ($ ) each per day. 

Art. 4. Terms of Payment. — Payments less such discounts and deductions 
as the Authority may be entitled to retain hereunder will he made as follows: 

Eighty-five per cent (85%) of the contract price will he paid within thirty (30) 
calendar days after delivery at destination of all apparatus included in this con- 
tract, and receipt by the Authority at of properly certified 

invoices. 

The remaining fifteen per cent (15%) of the contract price will be paid within 

calendar days after acceptance by the Authority of all 

apparatus included in this contract and receipt of pertinent invoices as above, or 

within calendar days after receipt of all apparatus at 

destination and receipt of invoices as above whichever date may be the earlier, hut 
such final payment shall not relieve the Contractor of any of his obligations 
under this contract and may be withheld until the Contractor has fully com- 
plied with all the terms of this contract on his part to be performed. 

Separate invoices must be submitted in triplicate for each payment. 

Discounts will be allowed for prompt payment as follows : 

Ten (10) calendar days percent ( %) ; twenty 

(20) calendar days percent ( % ) ; thirty (30) cal- 
endar days percent ( % ) ; in accordance with Con- 

ditions of Bid. 

Art. 5. Commencement, Completion , and Delivery. — Time is of the essence of 
this contract. Shipment from point of origin of all apparatus included in this 

contract shall be made within calendar days after date of 

notice of award of contract, or not later than 193 

If award is made under Item la the Contractor shall start the work of in- 
stallation on or before a date to be established by a written notice from the 

Authority, which shall be given not later than ; provided 

that the date so established shall be not less than calendar 

days later than the date of the written notice, and provided further, that the date 

so established shall not be earlier than calendar days after 

the date of notice of award of the contract. The contractor shall complete the 
installation within calendar days after the date so estab- 

lished for starting the work of installation. 
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Abt. 6 . Delays and Remedies . — If the Contractor refuses or fails to complete 
the work within the time specified in Article 5 hereof, or any extensions thereof 
or if he assigns or encumbers any interest in this contract without prior written 
consent of the Authority, or makes an assignment for the benefit of creditors, 
or is thrown into receivership or adjudicated a bankrupt, or takes advantage of 
any bankruptcy or insolvency law, or refuses or fails to prosecute the work, or 
any separable part thereof, with such diligence as, in the opinion of the Au- 
thority, will insure its completion within the time specified therefor, or any 
extensions thereof, or fails to carry out any of his other obligations after 
written notice from the Authority so to do, the Authority, by written notice to the 
Contractor, may terminate the Contractor’s right to proceed with performance 
of all or any part of the contract, may prosecute the same to completion by con- 
tract or otherwise, and may. purchase similar materials or supplies in the 
open market or secure their manufacture and delivery by contract or 
otherwise: Provided , That the right of the Contractor to proceed shall not be 
terminated because of any delays in performance due to unforeseeable causes 
beyond his control and without his fault, such as acts of God or of the publie 
enemy, acts of the Authority, fires, floods, epidemics, quarantines, strikes, freight 
embargoes, unusually severe weather, or delays of subcontractors due to such 
causes: Provided further, That the Contractor shall within ten (10) days 
from the beginning of any such delay notify the Contracting Officer in writing 
of the causes of delay. The Contracting Officer shall thereupon ascertain the 
fact and the extent of the delay, and his findings of fact thereon shall be final. 

Abt. 7. Changes . — The Contracting Officer may at any time, by written order, 
and without notice to the sureties, make changes in the drawings and specifi- 
cations and within the general scope of the contract. If such changes cause 
an increase or decrease in the amount due under this contract, or in the time 
required for its performance, an adjustment will be made based on computa- 
tions made on the basis of unit prices, if any, or in the percentage of the 
changes to the original scope of the work; and the contract shall be modified 
in writing accordingly. All claims for adjustment under this Article must be 
asserted within ten (10) days from the date the change is ordered, and in 
the meantime the Contractor shall proceed with the work so changed. 

Abt. 8. Extras . — No charge for extras will be allowed unless ordered in 
writing by tbe Contracting Officer and the price stated in such order. 

Abt, 9. Failure of Congress to Appropriate Funds . — If the operations of this 
contract extend beyond the current fiscal year, it is understood that the con- 
tract is made contingent upon Congress making the necessax*y appropriation 
for expenditures thereunder after such current fiscal year has expired. In 
case such appropriation as may be necessary to carry out this contract is not 
made, the Contractor hereby releases the Authority from all liability due to- 
the failure of Congress to make such appropriation. 

Abt. 10. Inspection . — All materials and workmanship shall be subject to 
inspection and test at all times and places and, when practicable, during man- 
ufacture or construction. The Authority shall have the right to reject articles 
or work which contain defective materials or workmanship, or which do not 
comply with the specifications, and to require their replacement or correction 
in accordance with the contract, by and at the expense of the Contractor 
promptly after notification of rejection. If the inspection or test is made on 
the premises of the Contractor, the Contractor shall furnish, without addi- 
tional charge, all reasonable facilities and assistance therefor. 

Inspection and acceptance shall not be conclusive as regards latent defects, 
fraud, or such gross mistakes as amount to fraud. Inspection and acceptance 
or rejection of the material or work shall be made as promptly as practicable, 
but failure to inspect and accept or reject materials or work shall not impose 
liability on the Authority for such materials or work as are not in accordance 
with the specifications. No inspection, or anything disclosed thereby, shall 
affect any warranty of the Contractor. Reference is made to the specifications 
for further provisions, if any, as to inspection. 

Abt. 11. Specifications and Drawings . — Anything mentioned in the specifi- 
cations and not shown in the drawings, or shown in the drawings and not 
mentioned in the specifications shall be of like effect, as if shown or men- 
tioned in both. In case of differences between the drawings and the specifi- 
cations, the specifications shall govern, except to the extent that the Engineer 
before the starting of the work affected by such differences shall have noti- 
fied the Contractor that the drawings shall govern. Should any conflict arise 
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between the Authority’s specifications hereto attached and those submitted 
by the Contractor, the former shall rule in all essential requirements, and, when 
not otherwise determined by the Engineer, in matters of detail also. In case 
of discrepancy in -the specifications and drawings, the matter shall be imme- 
diately referred to the Engineer, without whose decision such discrepancies 
shall not be adjusted by the Contractor, and the Contractor shall not proceed 
with the work so affected until he has received written orders from the Engi- 
neer, approved by the Contracting Officer. The Authority will furnish, from 
time to time, such detail drawings and other information as it may consider 
necessary, unless otherwise provided. 

Art. 12. Responsibility for Materials and Work . — Subject to the provisions of 
the paragraph of Conditions of Bid, entitled “Shipment on Government Bills of 
Lading,” as to all materials and work covered by this contract, the risk of loss 
shall be upon the Contractor until delivery at the designated delivery point and 
inspection and acceptance thereof by the Authority. The Contractor shall 
further bear all risk on articles, materials, or work rejected pursuant to the 
terms of this contract. Where inspection is at point of origin but delivery by 
the Contractor is at some other point, the Contractor’s responsibility shall 
continue until delivery is accomplished. 

All materials and work covered by partial payments made shall thereupon 
become the sole property of the Authority, but this provision shall not be con- 
strued as relieving the Contractor from the sole responsibility for the care and 
protection of materials and work upon which payments have been made or 
the restoration of any damaged work until delivery is accomplished, or as a 
waiver of the right of the Authority to require the fulfillment of all of the 
terms of the contract. 

Art. 13. Disputes . — Except as otherwise specifically provided in this contract, 
all disputes concerning questions of fact arising under this contract shall be 
decided by the Contracting Officer or his duly authorized representative, whose 
decision shall be final and conclusive upon the parties hereto as to such questions 
of fact. In the meantime the Contractor shall diligently proceed with the work 
as directed. 

Art. 14. Domestic Materials . — Unless otherwise specified, it is understood and 
agreed that only such unmanufactured articles, materials, and supplies as have 
been mined or produced in the United States, and only such manufactured 
articles, materials, and supplies as have been manufactured in the United States 
substantially all from articles, materials, or supplies mined, produced, or man- 
ufactured, as the case may be, in the United States, shall be delivered or used 
pursuant to this contract. 

The foregoing provision shall not apply to such articles, materials, or supplies 
of the class or kind to be used, or such articles, materials, or supplies from 
which they are manufactured, as are not mined, produced, or manufactured, 
as the case may be, in the United States in sufficient and reasonably available 
commercial quantities and of a satisfactory quality, or to such articles, mate- 
rials or supplies as may be excepted by the Authority, under the proviso of 
title III, Section 3, of the Act of Congress approved March 3, 1933 (U. S- Code, 
Title 41, sec. 10b). 

Abt. 15. Prerailing Wage Rate . — Any laborers and mechanics employed in 
the construction, alteration, maintenance, or repair of buildings, dams, locks, 
or other projects shall be paid not less than the rate of wages for work of 
similar nature prevailing in the vicinity. In the event any dispute arises as 
to what are the prevailing rates of wages, the question shall be referred to 
the Secretary of Labor for determination, and his decision shall be final. In 
the determination of such prevailing rate or rates due regard shall be given 
to those rates which have been secured through collective agreement by rep- 
resentatives of employers or employees. The wage scale, if any, attached 
hereto represents in the opinion of the Authority the present prevailing rate 
of wages for the different classifications set forth therein, and in the absence 
of a decision of the Secretary of Labor as set forth above changing the 
same, s h all be deemed by all parties hereto to he the minimum rates of 
wages that shall be paid by the Contractor for the work under this contract, 
insofar as applicable, and the Contractor shall comply with all regulations 
therein contained. The Authority may withhold from any monies due the Con- 
tractor any sum necessary to make up the full amount of wages due under 
this paragraph and may distribute it direct to those entitled thereto hereunder. 

Art. 16. Patents and/or Copyrights . — The Contractor shall hold and save 
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the Authority, its officers, agents, servants, and employees harmless from liability 
of any nature or kind, including costs and expenses, for or on account of any 
trade-mark, copyrighted or uncopyriglited composition, secret process, patented 
or unpatented invention, article, or appliance manufactured or used In the per- 
formance of this contract, including their use by the Authority. 

Art. 17. Claims for Labor and Materials. — The Contractor shall at his own 
expense assume the defense of and save harmless the Authority from all claims 
for materials furnished or work done ; shall promptly discharge the same and 
not suffer any mechanics or other liens to remain outstanding against any of the 
property used in connection with the work ; and shall, on request, furnish satis- 
factory evidence that all persons who have done work or furnished materials 
have been fully paid. If the Contractor fails to comply with his obligations in 
this respect, the Authority may take such steps as it may deem appropriate to 
discharge such liens or claims and may withhold from any monies due the Con- 
tractor such amount as may he necessary to satisfy and discharge any such 
claims and any cost and expense incident thereto. 

Art. 18. Officials not to Benefit. — -No Member of, or Delegate to, Congress or 
Resident Commissioner, or any officer or agent of the Authority shall be ad- 
mitted to any share or part of this contract or to any benefit that may arise 
therefrom, bnt this provision shall not be construed to extend to this contract if 
made with a corporation for its general benefit. 

Art. 19. Additional Security . — Should any surety upon the bond for the per- 
formance of this contract become unacceptable, the Contractor shall promptly 
furnish additional security as may be required from time to time to protect the 
interests of the Authority and of persons supplying labor or materials in the 
prosecution of the work contemplated by the contract. 

Art. 20. Contingent Fees. — The Contractor warrants that he has not employed 
any person to solicit or secure this contract upon any agreement for a commis- 
sion, percentage, brokerage, or contingent fee. Breach of this warranty shall 
give the Authority the right to annul the contract, or, in its discretion, to deduct 
from the contract price or consideration the amount of such commission, per- 
centage, brokerage, or contingent fees. This warranty shall not apply to commis- 
sion payable by contractors upon contracts or sales secured or made through 
bona fide established commercial or selling agencies maintained by the Contractor 
for the purpose of securing business. 

Art. 21. Assignment . — This contract or any interest therein or in any monies 
due or to become due thereunder shall not be assigned, hypothecated, or other- 
wise disposed of without the previous consent in writing of the Contracting 
Officer. The Contractor shall on request file with the Authority copies of all 
subcontracts and terms of all commitments with subcontractors, and the Author- 
ity shall have the right to disapprove any thereof within five (5) days after 
receipt of such information. 

Art. 22. Indemnity. — The Contractor shall be considered an independent Con- 
tractor for all the purposes of this contract, and all persons engaged in carrying 
out any of the Contractor’s obligations hereunder shall be the servants of the 
Contractor or his subcontractors and not the servants or agents of the Authority. 

The Contractor shall indemnify the Authority, its agents and servants, against 
any liability whatsoever resulting from the Contractor’s operations under this 
contract ; shall, at Ms own expense, assume the defense of all claims and actions 
for damages arising out of this contract which may be brought against the 
Authority by third persons; shall pay all judgments that may be rendered on 
such actions ; and shall, if required by the Authority, carry insurance of charac- 
ter, form, and in amount satisfactory to the Authority, so protecting it. 

The Authority reserves the right, also, to withhold from any sums due the 
Contractor, sufficient funds to satisfy such claims, and to adjust and to pay the 
same, upon a fair and reasonable basis, out of such funds so withheld, should 
the Contractor, after written notice from the Authority, fail to satisfy the same 
promptly: Provided, However, That the Authority shall not pay such claims 
should the Contractor submit the venue and jurisdiction of any court in which 
the Authority may be sued thereon. _ _ 

Art. 23. Waivers. — No waiver of any breach of this contract shall be held 
to be a waiver of any other or subsequent breach. All remedies afforded the 
Authority in this contract shall be taken and construed as cumulative ; that is, 
in addition to every other remedy provided herein or by law. 

Art. 24. Regulations. — The Contractor shall conform to all local, State, and 
Federal statutes, ordinances, and regulations, and shall secure and pay for all 
necessary permits. 
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Art. 25. Correspondence . — Copies of all correspondence relating to work under 
this contract shall be furnished to the Director of Purchases. 

Art. 26. Claims and Protests. — If the Contractor takes exception to any ruling 
or measurement of the Authority, he shall, within ten (10) days thereafter, file 
a formal written protest with the Director of Purchases, or be considered as 
having waived all future claims on account of ruling or measurement ex- 
cepted to. 

Art. 27. Guaranty. — The Contractor warrants for itself that all articles fur- 
nished pursuant to this contract comply in all respects to the specifications, are 
free from latent or patent defects in design and construction, are suitable and 
adequate for the purpose intended and guarantees that they will give efficient 
service for a period of 1 year after acceptance, under the specified conditions; 
and the Contractor shall, at his own expense, replace, f.o.b. original point of 
delivery, any parts proving defective during such period. The Contractor further 
warrants, and upon demand will, at its own expense, defend the title to all 
materials, articles, or work furnished or done hereunder. The Contractor fur- 
ther warrants that the same are free from any and all claims and demands 
in respect to the foregoing. 

None of the foregoing shall he construed as relieving the Contractor of any 
warranty implied by law. 

Art. 28. Failure to Meet Requirements. — Should inspection or test of any 
piece of apparatus show that it does not meet the guarantees or other require* 
ments of the contract, the Engineer may reject the apparatus or may direct 
the Contractor to proceed at once to furnish such new parts as may be necessary 
to bring it up to requirements. All expense of furnishing and delivering new 
parts or alterations to existing parts shall be borne by the Contractor. 

Akt. 29. Right to Operate Apparatus. — If the apparatus or any part thereof 
or the operation thereof after installation fails to meet the guarantees or 
other requirements of the contract, the Authority shall have the right to operate 
the apparatus until it can be taken out of service without injury to the Author- 
ity, for correction of defects, errors, or omissions: Provided, That the period of 
such operation pending the correction of defects, errors, or omissions shall 
not exceed 1 year without further agreement. Nothing in this paragraph shall 
be construed as relieving the Contractor of any of the requirements of this 
contract and specifications. 

Akt. 30. Walsh-Sealey Act. — The attached representations and stipulations 
pursuant to Public Act No. 846, Seventy-fourth Congress, are made a part of 
this contract. 

Art. 31. Services of Erecting Engineer . — The Contractor shall, if required, 
furnish at such times and for such periods as required by the Authority, one 
or more competent Erecting Engineers, as needed, to supervise, direct, and 
be responsible for the installation, charging, and putting into operation and to 
assist the Authority in testing, in the field, of the equipment furnished under 
this contract. For the services of the Erecting Engineers the Contractor will 
be paid the amount per day (consisting of 8 hours) , or fraction of a day, in- 
cluding Sundays and legal holidays, stated in the Rid Schedule. The payment 
will cover the entire period of time that the Erecting Engineer is in the service 
of the Authority, including not more than the time required to travel by the 
most direct rail route from the Contractor’s fabricating plant to the site of 
erection and return. Railroad and sleeping-car fares and other necessary trans- 
portation expenses will be paid by the Authority (in accordance with TYA 
Travel Regulations) but no payment will be made for subsistence or other per- 
sonal expense while en route or elsewhere. The Authority will furnish the 
Contractor a copy of the above-mentioned Travel Regulations on request. 

In Witness Whereof, the parties hereto have caused this contract to be 
executed the day and year first above written. 

fSEAUl 


Attest : 


Contractor 


By. 


Tennessee Valuev Authority, 

By 
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TENNESSEE VALLEY AUTHORITY 

State of \ ss: 

County of J 

On this day of , 193__, before me personally ap- 
peared—- ’ , to me known to be the person (s) 

described m and who executed the foregoing instrument and acknowledged that 

_he executed the same as free act and deed. ~ 

Witness my hand and seal at office this day of_ _ _ 

193 — 


My commission expires : 


Notary Public. 


State of U 5; 

County of J 

On this day of , 193 — , before me personally 

appeared , to me personally known, who, being 

by me duly sworn, did say that he is the the 

corporation named as Contractor in the foregoing instrument and the said in- 
strument was signed in behalf of said corporation by authority of its hoard 
of directors and did acknowledge said instrument to be the free act and deed 
of said corporation. 

Witness my hand and seal at office this day of 

193 


My commission expires : 


Notary Public. 


TYA 1847 

WalsK-Healey Act . — The following representations and stipulations pursuant 
to Public Act No. 846, Seven ty-f ourth Congress, are made a part of this contract : 

(a) The Contractor is the manufacturer of or a regular dealer in the mate- 
rial, supplies, articles, or equipment to be manufactured or used in the per- 
formance of the contract. 

(h) All persons employed by the Contractor in the manufacture or furnishing 
of the materials, supplies, articles, or equipment used in the performance of 
the contract will he paid, without subsequent deduction or rebate on any 
account, not. less than the minimum wages as determined by the Secretary of 
Labor to be the prevailing minimum wages for persons employed on similar 
work or in the particular or similar industries, or groups of industries cur- 
rently operating in the locality in which the materials, supplies, articles, or 
equipment are to be manufactured or furnished under the contract: Provided , 
However, That this stipulation with respect to minimum wages shall apply 
only to purchases or contracts relating to such industries as have been the sub- 
ject matter of a determination by the Secretary of Labor. 

(c) No person employed by the Contractor in the manufacture or furnishing 
of the materials, supplies, articles, or equipment used in the performance of 
the contract shall be permitted to work in excess of 8 hours in any 1 day or in 
excess of 40 hours in any 1 week, unless such person is paid such applicable 
overtime rate as has been set by the Secretary of Labor. 

( d ) No male person under 16 years of age and no female person under 18 
years of age and no convict labor will he employed by the Contractor in the 
manufacture or production or furnishing of any of the materials, supplies, 
articles, or equipment included in the contract. 

(e) No part of the contract will be performed nor will any of the materials, 
supplies, articles, or equipment to be manufactured or. furnished under said 
contract he manufactured or fabricated in any plants, factories, buildings, or 
surroundings or under working conditions which are unsanitary or hazardous 
or dangerous to the health and safety of employees engaged in the performance 
of the contract. Compliance with the safety, sanitary, and factory-inspection 
laws of the State in which the work or part thereof is to he performed shall 
be prima facie evidence of compliance with this subsection. 

( f ) Any breach or violation of any of the foregoing representations and 
stipulations shall render the party responsible therefor liable to the United 
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States of America for liquidated damages, in addition to damages for any other 
breach of the contract, in the sum of $10 per day for each male person under 
16 years of age or each female person under 18 years of age, or each convict 
laborer knowingly employed in the performance of the contract, and a sum 
equal to the amount of any deductions, rebates, refunds, or underpayment of 
wages due to any employee engaged in the performance of the contract; and, 
in addition the agency of the United States entering into the contract shall have 
the right to cancel same and to make open-market purchases or enter into 
other contracts for the completion of the original contract, charging any addi- 
tional cost to the original contractor. Any sums of money due to the United 
States of America by reason of any violation of any of the representations and 
stipulations of the contract as set forth herein may be withheld from any 
amounts due on the contract or may be recovered in a suit brought in the name 
of the United States by the Attorney General thereof. All sums withheld or 
recovered as deductions, rebates, refunds, or underpayments of wages shall be 
held in a special deposit account and shall be paid, on order of the Secretary 
of Labor, directly to the employees who have been paid less than minimum rates 
of pay as set forth in such contracts and on whose account such sums were 
withheld or recovered : Provided, That no claims by employees for such pay- 
ments shall be entertained unless made within 1 year from the date of actual 
notice to the Contractor of the withholding or recovery of such sums by the 
United States of America. 

(ff) The Contractor shall post a copy of the stipulations in a prominent and 
readily accessible place at the site of the contract work and shall keep such 
employment records as are required in the Regulations under the act available 
for inspection by authorized representatives of the Secretary of Labor. 

(h) The foregoing stipulations shall be deemed inoperative if this contract 
is for a definite amount not in excess of $10,000. 

The stipulations above enumerated are not applicable in tihe following 
instances : 

(a) Where the contracting officer is authorized by statute or otherwise to 
purchase in the open market without advertising for proposals ; 

(&) Where the contract relates to perishables, including dairy, livestock, and 
nursery products (“perishables” cover products subject to decay or spoilage and 
not products canned, salted, smoked, or otherwise preserved) ; 

(c) Where the contract relates to agricultural or farm products processed 
for first sale by the original producers ; 

(d) Where the contract is by the Secretary of Agriculture for the purchase 
of agricultural commodities or the products thereof ; 

(e) Where the contract is with a common carrier for carriage of freight or 
personnel by vessel, airplane, bus, truck, express, or railway line, where pub- 
lished tariff rates are in effect ; 

(f) Where the contract is for the furnishing of service by radio, telephone, 
telegraph, or cable companies, subject to the Federal Communications Act of 
1934. 


TVA 1851 

TENNESSEE VALLEY AUTHORITY 

Schedule o of Labob Classifications on Construction Work and Temporary 
Operating and Maintenance Work and Hourly Rates of Pay 

This schedule, effective January 1, 1938, must be posted in a conspicuous 
place, easily accessible to employees, on all TVA contract work on which, in 
accordance with the stipulations included in the invitation to bids, the payment 
of m i n i mu m rates of pay equal to the rates listed in this schedule, is required. 
Copies for posting will he furnished upon request. "When higher rates are 
being paid by the contractor a schedule of rates actually being paid may be 
substituted for this schedule of required minimum rates of pay. 

The division of occupations into classes of work shall give due and adequate 
recognition to intelligence, skill, training, experience, and responsibility re- 
quired. The classification of occupations into classes and grades of work need 
not be bound by traditional rules and customs. In accordance with this 
schedule a minimum rate for hourly employees engaged in construction occupa- 
tions listed herein is 47% cents per hour, below which none of the listed 
occupations will be classified. 
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Skilled-labor classifications shall include work requiring considerable train- 
ing and/or experience in performance of the work, with a minimum of super- 
vision. Skilled work includes that requiring the training and experience of 
journeymen-meehamcs who can perform all the more important operations of 
their trades without special instruction or detailed supervision. Skilled work 
involves the use of complex tools and equipment, judgment in the use of ma- 
terials, and accuracy in performance of the work. 

Classifications below the skilled level shall include : 

(a) Work performed by apprentices, helpers, and tenders to the skilled oc- 
cupations. Tenders are laborers assisting construction trades and are not 
expected to use the tools of the skilled trades. 

ID) Other work calling for a limited degree of skill and experience, suf- 
ficient to enable the individual to proceed efficiently with his duties after a 
short breaking-in period, and such other work as requires only a moderate 
degree of training, skill, and responsibility. Such work may require an ability 
to use simple hand tools or operate power-driven tools, machines, or equipment 
on repetitive operation. 

(c) Work performed by unclassified or unskilled labor includes operations 
of a simple routine nature which require little or no formal education or 
previous training or experience- The use of simple hand tools or equipment 
may he involved in unskilled work. Unskilled work is usually performed un- 
der close supervision. It includes such work as is done by watchmen, cooks’ 
helpers, excavation laborers, etc. 

The following labor classifications and rates shall apply to: 

Roadside production of material, whether by subcontractor or otherwise. 

All hauling of material from roadside quarries and pits, from railroad or 
water-delivery points, or from local sources of production to the site of the 
work, whether the work be done by the contractor or by a subcontractor. 

Concrete proportioning plants, from which material is used wholly on this 
contract or on contracts under the supervision of the Authority. 

The provisions relating to hours of employment shall not apply to camp help, 
i. e., cooks, cooks* helpers, hostlers, and stablemen. 

The minimum wages specified herein shall be exclusive of any charges for 
medical examination or insurance. No individual employed on the project in 
other than an administrative position shall he paid less than the minimum 
rate for unskilled labor 

Copies of all pay rolls for work performed under this contract (whether done 
by the contractor or under a subcontract, or otherwise), certified under oath, 
by the contractor or his authorized representative, shall be filed with the 
engineer showing the name of each employee, the State and county of his bona 
fide residence, the class of work performed, the hours worked each day, the wage 
rate paid, the total amount earned and deductions for board, if any. 

The pay rolls shall be divided into three sections under which shall be appro- 
priately grouped (1) executives, administrative and supervisory employees: 
(2) skilled labor, and (3) unskilled labor. Pay rolls shall be submitted for each 
calendar month (or part thereof) not later than the fifth day of the following 
month. Deviation from this procedure will not be permitted. The contractor’s 
time books shall be open to the inspection of the engineer at any time. 

Where camps are operated by the contractor, or by person affiliated with the 
contractor, a deduction on the pay roll of more than sixty cents (600) per day 
for board and lodging will be considered a violation of the minimum w r age 
specified herein. No deduction from the wages of any skilled or unskilled laborer 
shall be made on account of goods purchased or obligations incurred in any 
commissary or store owned, leased, or otherwise controlled by the contractor. 
Obligations so incurred shall be subject to collection only in the same manner 
in which obligations in the ordinary course of business are collectible. Charges 
in excess of a fair market price for goods purchased from stores owned, leased, 
or otherwise controlled by the contractor will not be permitted. 

No fee of any kind shall be asked or accepted by the contractor or any of his 
agents from any person who obtains work on the project nor shall any person 
be required to pay any fee to any other person or agency obtaining employment 
for him on the project. 

No skilled or unskilled labor shall he charged for any tools used in performing 
their respective duties except for loss or damage thereto. 

Every employee on the work covered by this contract shall be permitted to 
lodge, board, and trade where and with whom he elects, and neither the con- 
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tractor nor Ms agents, nor Lis employees, shall directly or indirectly require as 
a condition of employment that an employee shall lodge, board, or trade at a 
particular place or with a particular person. 

No charge shall be made for any transportation furnished by the contractor 
or Ms agents to any person employed on the work. 

No individual shall be employed as a skilled or unskilled laborer on this 
contract except on a wage basis, but this shall not be construed to prohibit the 
rental of teams, trucks, or other equipment from individuals. No such rental 
agreement, or any charge for food, gasoline, supplies, or repairs, on account of 
such agreement, shall cause any deduction from the wages accruing to any 
employee. 

All of the above provisions shall also apply where work is to be performed by 
piece work, station work, or by subcontract. The minimum wage shall be ex- 
clusive of equipment rental on any equipment which the worker or subcontractor 
may furnish in connection with his work. 


TENNESSEE VALLEY AUTHORITY 

Schedule of Labor Classifications and Hourly Rates of Pay on Construction 
Work: and Temporary Operating and Maintenance Work Effective January 
1, 1938 (Revised) 

A schedule of labor classifications and hourly rates of pay on construction 
work and temporary operating and maintenance work mas included. These hourly 
rates of pay were adjusted from time to time to meet labor conditions. The rates 
that were in effect during the various periods of construction of Norris Dam are 
given in appendix I. 


TVA 363 (1-38) 


TENNESSEE Y ALLEY AUTHORITY 


Performance Bond 


Know All Men hy These Presents, That we, 

as principal, and Z ZZZZZZ 

as surety, are held and firmly bound unto the Tennessee Valley Authority" here- 
inafter called the Authority, in the penal sum of 

Dollars ($ ), lawful money of the United States, for the payment of 

which sum well and truly to be made, we bind ourselves, our heirs, executors, 
administrators, and successors, jointly and severally, firmly by these presents! 

The Condition of This Obligation is Such, That whereas the principal entered 
into a certain contract, hereto attached, with the Authority, dated 

, 193 , for Z_ZZIZ_ZZZI 

Now, Therefore, if the principal shall well and truly perform and fulfill" "all 
the undertakings, covenants, terms, conditions, and agreements of said contract 
during the original term of said contract and any extension thereof that may 
be granted by the Authority, with or without notice to the surety, and during 
the life of any guaranty required under the contract, and shall also well and 
truly perform and fulfill all the undertakings, covenants, terms, conditions, and 
agreements of any and all duly authorized modifications of said contract that 
may hereafter he made, notice of which modifications to the surety being hereby 
waived, then this obligation to be void; otherwise to remain in full force and 
virtue. 

In Witness Whereof, the above-bounden parties have executed this instrument 

under their several seals this day of 193__ the 

name and corporate seal of each corporate party being hereto affixed and these 
presents duly signed by its undersigned representative, pursuant to authority of 
its governing body. 

[seal! 


Address. 


Principal. 


By. 


(Title) 
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Attest : 


[seal] 


Attest : 


Address 

Surety. 

By _ . 



(Title) 


The rate of premium of this bond is $ per thousand. 

The total amount of premium charged, $ 

(The above must be filled in by corporate surety) 


TVA 363— A 

TENNESSEE Y ALLEY AUTHORITY 
Payment Bond 

(Pursuant to Act of Congress, 49 Stat. 1011) 

Know All Men by These Presents, That We, 

as principal, and 3 

as surety, are held and firmly bound unto the Tennessee Valley Authority, 
hereinafter called the Authority, in the penal sum of 


Dollars ($ ), lawful money of the United States, for the payment of 

which sum well and truly to he made, we hind ourselves, our heirs, executors, 
administrators, and successors, jointly and severally, firmly by these presents. 

The Condition of This Obligation is Such, That whereas the principal entered 

into a certain contract, hereto attached, with the Authority, dated 

193 , for 


Now, Therefore, if the principal shall well and. truly mate payment to all 
persons supplying labor and materials in the prosecution of the work pro- 
vided for in said contract, and any authorized modifications of said contract 
that may hereafter be made, notice of which modifications to the surety being 
hereby waived, then this obligation to be void ; otherwise to remain in full 
force and virtue. 

In Witness Whereof, the above-bounden parties have executed this instru- 
ment under their several seals this day of 193 . 

the name and corporate seal of each corporated party being hereto affixed and 
these presents duly signed by its undersigned representative, pursuant to 
authority of its governing body. 


[SEAL] 

Attest : 


[SEAL] 

Attest : 

The rate 
The total 


Address 

Principal. 

By „ 

(Title) 

Address 

Surety. 

By - 

— 


(Title) 


of premium on this bond is $ — per thousand. 

amount of premium charged, $ 


(The above must be filled in by corporate surety) 
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Specifications 

The requirements for each purchase were specified in complete detail in 
order that there could be no misunderstanding as to exactly what was de- 
sired. The specifications for the Norris Dam slide gates, included in this 
appendix, are typical. Some of the specifications, such as those for the tur- 
bines or for the generators were considerably longer, although the majority of 
specifications were shorter. Major contracts for the Norris project included 
the following articles or services: 1 

STRUCTURAL STEEL FRAMING AND BRIDGES 


Spillway bridge- October 28, 1935 

McClintic-Marshall Corporation, Bethlehem, Pa $25,674.00 

Steel framing for powerhouse and structures and supports for elec- 
trical installation June 29, 1935 

Virginia Bridge & Iron Co., Roanoke, Va $62, 980. 00 


M3teCE.TTA.NEOU S METAL WORK 


Handrail supports and lighting fixtures June 30, it 

General Electric Supply Corporation, Knoxville, Tenn $9, 403. 22 

Miscellaneous aluminum work July 7, 1936 

Newman Bros., Cincinnati, Ohio $9, 736. 00 

Handrailing and structural steel October 30, 1936 

Fabricated Steel Products Co., Wheeling, W. Va $982.00 

Transformer handling equipment April 25, 1936 

Atlas Car & Foundry Co., Cleveland, Ohio $5, 845. GO 

MECHANIC \L AND HYDRAULIC EQUIPMENT 

Outlet sluice gates, operating equipment, and conduit liner 

castings August 6, 1934 

Hardie-Tynes Manufacturing Co., Birmingham, Ala $151, 447. 92 

Outlet trash racks : 

Atehley & White Machine Shop and Foundry, 


Knoxville Iron Co., Knoxville, Tenn November 15, 1934, $9, 596. 30 

Drum gates, seats, and hinge anchors October 28, 1935 

Virginia Bridge & Iron Co., Roanoke, Va $103, 480. 00 

Drum gate operating equipment and piping October 31, 1935 

Koppers Construction Co., Fort Wayne, Ind $3, 774. 00 

Elevator March 4, 1936 

Westinghouse Electric Elevator Co., Chicago, 111 $13, 649 38 

Gallery pump August 8, 1935 

Peerless Pump Division, Food Machinery Corporation, Massilon, Ohio $978. 94 

Trash screens and air cleaning system for intake March 15,1935 

A. J. O’Deary & Sons Co., Chicago, 111 $19, 974. 44 

Intake gates— tractor type August 23 , 1935 

Bartlett-Hayward Co., Baltimore, Md $126, 140. 89 

Intake gate guides June 24, 1935 

Union Steel Casting Co., Pittsburgh, Pa $9, 549, oo 

Intake gate metalwork April 29, 1935 

Virginia Bridge & Iron Co., Roanoke, Va $5, 071. 00 


STEEL PEN STOCKS 


Two 20-foot diameter penstocks June 15 1934 

Chicago Bridge & Iron Co., Chicago, 111 “ $103, 439. 26 


iLSKKS.'SSS? fn re JwS ^£"* coata and a ° not liquidated damage payments 
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POWERHOUSE SUPERSTRUCTURE 


Air conditioning and ventilating 

York Ice Machinery Co., York, Pa 

Double door for east wall 

John Harseh Bronze Co., Cleveland, Ohio. 

Aluminum sash 

The Kawneer Co., Niles, Mick 

Acoustical tile 

Acoustic Engineering Co., Atlanta, Ga 

Furring, lathing, and plastering 

Hopton Bros., Nashville, Tenn 

Furring, lathing, and plastering 1 

Hopton Bros., Nashville, Tenn 

Terrazzo 

Art Mosaic <& Tile Co., Toledo, Ohio 

Glass and glazine 

Standard Glass Co., Knoxville, Tenn 

Metal and aluminum doors 

John Harseh Bronze Co., Cleveland, Ohio___ 

Bin oleum 

Fowler Brothers Co., Knoxville, Tenn 

Sheet metal ducts 

J. W. Brooks & Sons, Chattanooga, Tenn__ _ 

Quarry tile ' 

Atlanta Tile & Marble Co., Atlanta, Ga 

Opaque structural glass 

Standard Glass Co., Knoxville, Tenn 

Precast roof slabs 

Southern Cast Stone Co., Knoxville, Tenn. 
Lighting fixtures : 

Day-Brite Reflector Co., St. Louis, Mo.. 

Graybar Electric Co., Knoxville, Tenn. 

Kurt Versen, Inc., New York, N. Y 

Graybar Electric Co., Knoxville, Tenn_. 

Plumbing fixtures 

Crane Co., Knoxville, Tenn 


March 12, 1936 

$14,000.00 

April IS, 1936 

$4,162.00 

May 1, 1936 

$12,300.00 

May 21, 1936 

§271.00 

May 25, 1936 

$4, 926.12 

September 4, 1936 

$1, 413. 00 

May 27, 1936 

$2, 146. 75 

June 29, 1936 

$1, 454. 64 

June 30, 1936 

$16. 172.75 

July 13, 1936 

$528.03 

July 6, 1936 

$1, 257. 00 

July 13, 1936 

$6. 747. OO 

August 20. 1936 

$5,541.30 

March 26, 1935, May 21, 1936 
$9,696.00 

June 27, 1936. $3, 440. 50 

June 27, 1936, $38. 43 

June 22, 1936, $193. 32 

June 22, 1936, $266. 87 

January 22, 1936 


TURBINES AND GOVERNORS 


Two 66,000-horsepower Francis type hydraulic turbines October 22, 1934 

Newport News Shipbuilding & Dry Dock Co., Virginia $467,930.00 

Turbine governors August 23, 1935 

Woodward Governor Co., Rockford, 111 $27, 510. 00 

Two water flow recorders and indicators August 23, 1935 

Bailey Meter Co., Cleveland, Ohio $1,615.00 


ELECTRICAL EQUIPMENT 

Generators (complete with auxiliary equipment) January 17, 1935 

Westinghouse Electric & Manufacturing Co., Knoxville, Tenn $880, 120. 00 

Transformers April 26, 1936 

General Electric Co., Knoxville, Tenn 2 $6, 573. 00 

Auxiliary switchboards February 13, 1936 

I. T. E. Circuit Breaker Co., Philadelphia, Pa $26, 864. 40 

Main control switchboards April 1, 1936 

General Electric Co., Knoxville, Tenn = $54,652.00 

Annunciator system and one automatic type oscillograph (complete 

with all accessories) April 1,1936 

Westinghouse Electric & Manufacturing Co., Knoxville, Tenn $2, 225. 00 

Neutral oil circuit breaker, reactor and suTge protective equipment— April 27, 1936 

Westinghouse Electric & Manufacturing Co., Knoxville, Tenn $12, 044. 00 

Disconnecting switches April 27, 1936 

Southern States Equipment Corporation, Birmingham, Ala $1,579.50 

Fire extinguishing equipment (for generators, oil purifier room, 

and oil storage room ) February 3> 1986 

Walter Kidde & Co., New York, N. Y 38, 986. 00 

155813 — 40 51 
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ELECTRICAL EQUIPMENT continued 

Control battery and charging sets December 12, 1935 

The Electric Products Co., Cleveland, Ohio 2 $2, 630. 00 

Frequency source and frequency and load controls May 26, 1936 

Deeds & Northrup Co., Philadelphia, Pa 2 $H } 515 §3 

Carrier current equipment May 11, 1936 

General Electric Co., Knoxville, Tenn 3 $21, 611. 00 

Oil purifier May 20, 1935 

De Daval Separator Co., New York, N. Y 2 $5, 872. 30 

Two metal bus housings March 20, 1936 

Frank R. Adams Electric Co., St. Louis, Mo $4, 138. 00 

Telephone cable _ July 8, 1936 

General Cable Corporation, Philadelphia, Pa 2 $3, 094.29 

3 Amount shown is for Norris project only. Similar material was purchased at the same 
time for other projects on the same contract. 

switchyard 

Structural steel towers, trusses, and framework for mounting and 

supporting the switchyard equipment April 1,1935 

Bethlehem Steel Co., Bethlehem, Pa $11, 778. 96 

Wire and cable June 29, 1936 

Anaconda Wire & Cable Co., New York, N. Y ; $321. 10 

Racks for cable supports May 22, 1936 

Lehigh Structural Steel Co., New York, N. Y $1, 270. 00 

Main step-up power transformers and neutral grounding reactor August 29,1935 

General Electric Co., Knoxville, Tenn $282, 849. 00 

161-kv. oil circuit breakers September 12, 1935 

General Electric Co., Knoxville, Tenn $172, 156. 00 

Lightning arresters April 16, 1936 

General Electric Co., Knoxville, Tenn $8,418.00 

Chain link fence and accessories June 15, 1936 

Wimberly & Thomas Hardware Co., Birmingham, Ala $966. 50 

STATION MECHANICAL AND OPERATING EQUIPMENT 

250-ton double trolley, motor-operated traveling crane May 31, 1935 

Harnischfeger Sales Corporation, Milwaukee, Wis $61,180.00 

Air compressors : 

Worthington Pump & Machine Co., Harrison, N. Y June IT, 1935, $1, 408. 00 

Sullivan Machinery Company, Chicago, 111 June 17, 1935, $3,071.00 

Air receivers June IT, 1935 

Schramm, Inc., West Chester, Pa $59T. 00 

Complete water distillation apparatus June 18, 1936 

McKesson-Doster-Northington, Birmingham, Ala $235.75 

Water level gages September 28, 1936 

Julien P. Friez & Sons, Baltimore, Md 1 $926. 66 

Two oil-pumping units : 

George I>. Roper Corporation, Rockford, 111 March 10, 1936, $151. 35 

Sehutte & Koerting Co., Philadelphia, Pa March 9, 1936, $507. 50 

Complete telephone and signalling systems March 23, 1936 

American Automatic Electric Sales Co., Chicago, 111 $8, 523. 24 

SPECIFICATIONS FOR SLIDE GATES 
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1. The requirement . — It is required that there be furnished and delivered, com- 
nlete in accordance with these specifications and the drawings, listed in para- 
srranh 3 hereof, eight sets of 5-foot 8-inch by 10-foot high-pressure slide gates, 
together with frames, hoists, automatic and semiautomatic gate hangers, conduit 
linings, and all other appurtenant parts, for installation m the outlet works at 
Norris Dam. All materials will he installed by the Authority. The air vent, 
by-pass, oil pump and control piping is not covered by these specifications. 

2 Description of emergency and regulating gates . The gates will be installed 
in eight sets as shown on the drawings. Each set of gates will consist of two 
slide gates installed in tandem, with four sections of conduit dining above fee 
irnstream gate and four sections of lining below the downstream gate. The 
downstream or service gates will he used for regulating the discharge of water 
through the dam, and wilL be equipped with automatic gate hangers. The 
unstream gates will be only for emergency use in case of damage to the sluice 
gates o? to permit necessary maintenance and repairs, and will be equipped 
wlti S semiautomatic gate hangers. The gates will be under 
head of 169 feet, but will be subjected to a hydrostatic bead or list reet. 
oteratiou will be by means of hydraulic cylinders using oH as a medium, with 
1 Porting pressure of 1,000 pounds per square inch. All air-vents, by-pass, oil 
buZ and c^ntod piping will toe furnished by the Authority and is not covered 
h^these SDecmcattons. The automatic gate hangers will be attached to the 

fc^ZlaCsf ZtaS Z clZZtoe Jaws oftChangex to the projecting stem 
acting assist springs to .ciamp j pressnre is released on the hanger 

°? , the 1?“ fien ^art to release the pressure on the Jaws on the gate 

piston. The springs then react to release £ m be tastaUed t0 

.“A, *•» 
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matlc gate hangers will be suspended above the hydraulic cylinders of the 
emergency gates and are for the purpose of holding the gates in the open 
position. When an emergency gate is open a cap on an extension of the gate 
stem will be engaged by the hanger hooks and before closing the gate the hooks 
must be released by manual operation. A safety stud is provided which is so 
proportioned that it will break should power he applied to close the gate without 
first releasing the hanger. 

3. Drawings. — The following drawings are a part of these specifications: 

5 feet 8 inches by 10 feet 0 inches Slide Gates 

1. 232— D— 232 Tandem installation (sheet 1 of 8). 

2. 232-D-23S Assembly (sheet 2 of S). 

3. 232— D-234 Upstream frame (sheet 3 of 8). 

4. 232— D-235 Downstream frame (sheet 4 of 8). 

5. 232— D-236 Bonnet cover (sheet 5 of 8). 

6. 232— D-237 Deaf and seats (sheet 6 of 8). 

T. 232— D-238 24-inch hydraulic hoist (sheet 7 of 8). 

8. 232-D-239 Conduit lining, bolts and list of parts (sheet S of 8). 

9. 232— D-240 Semiautomatic gate hanger — 20,000 pounds capacity. 

Hydraulic Automatic Gate Hanger No. 2 

10. 232r-D-246 Assembly (sheet 1 of 6). 

11. 232-D-24T Cylinder (sheet 2 of 6). 

12. 232-D-24S Cylinderhead, clamp jaw, runner (sheet 3 of 6). 

13. 232— D— 249 Base, piston valve, hinge pin (sheet 4 of 6). 

14. 232-D-250 Bolts, studs, list of parts 1 to 39 (sheet 5 of 6). 

15. 232-D— 251 Miscellaneous and list of parts 42 to 90 (sheet 6 of 6). 

The contractor will not be held responsible for the correctness or sufficiency 
of designs, blit he shall carefully check the drawings and advise the Authority 
of any errors or omissions discovered. The contractor shall prepare, without 
charge to the Authority, all necessary shop drawings covering the materials 
to he furnished under these specifications, and shall be responsible for the 
correct fitting of all parts. Unless otherwise specifically provided in the sched- 
ule and specifications, or on the drawings, the contractor shall furnish all of 
the materials, accessories, and appurtenant parts called for in the specifications 
or shown on the drawings. 

Anything shown on the drawings and not mentioned in the specifications, 
or called for in the specifications and not shown on the drawings, shall be 
furnished the same as if called for or shown in or on both. The contractor 
will be furnished such additional copies of the specifications and drawings 
as may be required for carrying out the work. One contact print and one 
Van Dyke negative of the original drawings from which the accompanying 
reductions were made will be furnished to the contractor for construction 
purposes. 

4. Workmanship <md defective work and materials. — All work shall be done 
and completed in a thorough workmanlike manner, notwithstanding any omis- 
sions from these specifications or drawings. Tolerances and clearances specified 
on the drawings shall be closely adhered to, and the machine work shall in 
all cases be of high-grade workmanship and finish, carefully performed to the 
satisfaction of the Authority. Where tolerances are not specified on the draw- 
ings, the contractor shall follow the best modern shop practice for apparatus 
of the type covered by these specifications and drawings, due consideration 
being given to the special nature of functions of the parts and to the corre- 
sponding accuracy required to secure proper operation. The contractor shall 
guarantee all materials and workmanship furnished by him to be free from 
injurious defects. He shall replace, free of cost to the Authority, any defec- 
tive materials or workmanship discovered during erection, and shall pay the 
actual cost to the Authority of the correction in the field of any errors for 
which he is responsible. 

5. Inspection and tests . — All material furnished and all work done shall be 
subject to rigid inspection and no material shall be shipped until all tests, 
analyses, and final inspection have been made or certified copies of reports of 
tests, and analyses, or manufacturer’s guarantee shall have been accepted. Test 
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specimens and samples for analyses shall be properly boxed and prepared for 
shipment if required.^ Unless otherwise specifically provided herein, all metals 
covered by these specifications shall be furnished in accordance with the require- 
ments of Federal specification QQ-M-151, General Specifications for Inspection 
of Metals, which specification co% ers certain requirements which are common to 
all detail specifications for metal and provides means for determining whether 
the technical requirements of the detail specifications are being met. Speci- 
mens for physical test of gate stems and shafting shall be taken from midway 
between the center and outside of a full-size elongation of stem or shaft after 
rolling or forging and heat-treating. 

6. Patterns. — The prices bid in the schedules shall include the cost of all 
necessary patterns. Ample fillets shall be used to avoid sharp corners or abrupt 
changes in cross section. Patterns will remain the property of the contractor. 
All dimensions shown on the drawings are net and the required draft shall be 
added. 

7. Machine finish. — Where finished surfaces are specified on the drawings, the 
type of finish where not otherwise specified must be that most suitable for the 
part to which it applies and shall be smooth, semismooth, or rough as defined 
herein. Where a smooth finish is specified or required, the machine wort shall 
be performed in such a manner as to produce smooth surfaces practically free 
from tool and chatter marks. Pronounced tool marks or other defects on such 
surfaces will be cause for rejection of the part. Where semismooth finish is 
specified or required, smooth surfaces shall be produced but small tool marks 
will be allowed. Where rough finish is specified or required, rough machining 
sufficient only to produce a plane surface true to dimensions will be allowed. 
In general, a smooth finish will be required for all surfaces in sliding contact ; 
a semismooth or commercial finish for surfaces to be in permanent contact 
where a tight joint is required, and a rough finish for all other machined 
surfaces. 

8. Slide gates. — Gate frames and gates shall be so accurately machined that 
the sliding surfaces wall be in the same plane and the gates will bear uni- 
formly on the frames. The interior surfaces at the flanged joints between 
gate frames and between gate frames and conduit lining sections shall match 
within one-quarter CM) inch at any point, and all off-sets shall he chipped or 
ground to a bevel of one in three to provide a reasonably smooth flow line. Gate 
sills shall be filled with babbitt which shall be thoroughly hammered after pouring 
and then machined to a uniform surface. Hoist stems shall be straight and 
round and of uniform section and the sliding surfaces shall be smooth and 
polished. Hoist cylinders may be constructed of seamless forged steel or of 
welded plate steel and butt welded to forged steel flanges. The cylinders shall 
be bored to true circles and to the tolerances shown, and the inside shall have 
a smooth finish, and if necessary shall he ground. If made in more than one 
section the inside surfaces of adjacent sections shall be continuous. The out- 
side shall be rough machined to present a neat appearance. Flange faces 
shall be finished at right angles to the bore. 

9. Shop inspection and test. — (a) Slide gates , conduit linings , and hoists . — 
Each set of slide gates including gates, frames, bonnets, and conduit linings 
shall be completely assembled in the shop for inspection and to insure that all 
parts fit accurately and are in proper alignment. Each gate shall be opened 
and closed several times until the gate functions properly to the satisfaction 
of the Authority. Each hoist cylinder shall be subject to a test pressure of 
1,000 pounds per square inch on each side of the piston, using lubricating oil 
having a viscosity at 100° F. of between 200 and 300 Saybolt and under this 
pressure there shall be no more than a trace of leakage past the piston. The 
finished surface of bolted joints in sections that are to be shipped assembled, 
and the shanks of the bolts used, shall be smoothly coated with a thin mixture 
of white lead in oil and graphite or similar material before being assembled. 

(b) Automatic gate horn gers.— Each automatic gate banger shall be assembled 
in the shop for inspection and test. Springs shall be subjected to load tests 
specified on the drawings and sorted into pairs of as near the same capacities 
as possible. Each gate hanger shall be operated several times by means of 
oil pumped into its operating cylinders until the hanger operates properly to 
the satisfaction of the Authority. The operating cylinders shall then he sub- 
jected to a test pressure of 1,000 pounds per square inch on the_ side of the 
pistons next to the hanger, using oil as specified for testing the hoist cylinders, 
and under this pressure there shall be not more than a trace of leakage past 
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either the operating cylinder or the valve pistons. Test shall also be made 
using a pump having a capacity of not less than 30 gallons per minute to insure 
that all passages are clear. The contractor shall provide rolled bronze rods 
of the diameter of the projecting valve stems for insertion in the jaws of the 
hanger and connection to the piston of a test cylinder which will be provided 
by the Authority. He shall then, by means of the test cylinder, determine the 
maximum holding capacity of each hanger. After this test is completed to the 
satisfaction of the Authority the hanger shall be adjusted to a holding capacity 
of 20,000 pounds and the spring setting for this load recorded. After all inspec- 
tion and tests are completed the jack screws shall be backed off until the springs 
are free and the hanger then boxed for shipment. 

(c) Semiautomatic hangers . — Each semiautomatic gate hanger shall be assem- 
bled in the shop for inspection and test and shall be operated a sufficient 
number of times to insure that all parts work freely to the satisfaction of 
the Authority. 

10. Marking. — All parts of each gate, gate frame, gate hoist, and conduit 
lining shall be marked and match-marked for identification and to facilitate 
field assembly, and in addition the gates, frames, hoists, and conduit lining fox 
each of the eight sets of slide gates shall be marked to show the set of which 
it is a part and the relative position of each part in the set, and a diagram 
of such marking shall be forwarded by the contractor to the Authority. Where 
separate shipments are to he made of parts which are to be joined together 
in the field, the joint between the parts shall be fitted in the shop or a template 
shall be prepared and each part shall be marked and match-marked before the 
parts are shipped. 

11. Shop painting. — After inspection has been completed and the materials 
accepted for shipment, all surfaces to be painted shall be thoroughly cleaned of 
all scale, rust, dirt, and grease and shall be painted as follows : 

The unfinished surfaces of the slide gates, frames, and conduit linings below 
the gallery floor line, not to be in contact with concrete, and the under sides of 
the bonnet covers shall he given one shop coat of bituminous primer or of 
similar priming coating satisfactory to the Authority. The outside of the bonnet 
covers, the outside of the hoist cylinders, and the unmachined surfaces of the 
gate hangers shall be given one shop coat of suitable priming paint and one 
coat of high-grade black machinery paint. The inside of hoist and hanger 
cylinders shall be oiled and all openings closed for shipment. All finished 
surfaces to be exposed to the atmosphere during shipment shall be coated with 
a heavy rust-preventive compound. 

12. Weighing . — The contractor shall, in the presence of the inspector, weigh 
all completed apparatus on the most accurate scales available and a complete 
list of such net weights, exclusive of boxes, crates, or skids shall be furnished to 
the Authority. The net finished weight of each of the larger pieces shall also 
be painted on the piece, or stated on a tag attached thereto, before shipment. 

WELDING 

13. Preparation for welding. — Plates to be joined by welding shall be accu- 
rately cut to size and rolled by pressure to the proper curvature, which shall be 
continuous from the edges. Flattening in the curvature along the edges with 
correction by blows will not be allowed. The dimensions and shape of the edges 
to be joined shall be such as to allow thorough fusion and complete penetration, 
and plates shall be planed if necessary to accomplish this result. The surface 
of the plates for a distance of one-half inch back from the welding edge shall 
be thoroughly cleaned of all rust, grease, and scale, to bright metal. 

14. Welding hoist cylinders . — All welding shall be done in the shop and the 
welding of both longitudinal and girth joints shall conform to the current “Rules 
for the Fusion Process of Welding,” class 1, of the A. S. M. E. Boiler Construc- 
tion Code, TJnfired Pressure Vessel Section. All joints shall be single “V” hutt- 
welded on automatic electric welding machines by a process that will exclude 
the atmosphere from the metal of the weld while it is in a molten state. The 
joints shall be thus welded in such a manner as to insure uniform distribution 
of the load throughout the welded section with no tendency to produce eccentric 
loading or shear in the weld or the metal adjacent thereto. The welding process 
and speed shall be under control at all times and there shall be no greater 
evidence of oxidation in the metal of the weld than in the metal of the original 
unwelded plate. If welding is stopped for any reason, special care shall be 
taken when welding is resumed to get full penetration to the bottom of the 
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ioint and thorough fusion between the weld metal and the plate to weld metal 
■nreviously deposited. The finish of the welded joint shall be reasonably smooth 
and free from grooves, depressions, and other irregularities, and there shall be 
no valley at the center of the weld. If a cylinder shows irregularities after 
weldings it shall be rerolled to render it practically cylindrical. All welds shall 
he thoroughly peened. "W elded cylinder shells shall be made of plates of 
sufficient thickness to allow machining inside and outside to produce a smooth 
finish on the inside and a rough finish on the outside. The steel used in the 
cylinders shall be of a composition that will produce the best quality of welded 
-joints, with physical properties in conformance with the “Standard Specifica- 
tions for Boiler and Firebox Steel for Stationary Service” of the American 
Society for Testing Materials, for “Flange” quality steel. 

lo. Test of welded joints . — Tests of all welded joints shall be made in accord- 
ance* with the latest revised addenda to the A. S. M. E. Boiler Construction Code, 
Unfired Pressure Vessel Section, paragraph No. TJ-68, for class 1 vessels. Every 
portion of each welded joint shall be radiographed by a powerful X-ray appa- 
ratus under a technique that will determine quantitatively the size of a defect 
with a thickness greater than 2 percent of the thickness of the plate. All X-ray 
films shall be submitted to the Authority. Any defects repaired after the X-ray 
examination shall again be X-rayed. Hydrostatic tests of each pipe section 
at a test pressure of 1,500 pounds per square inch, combined with hammer 
tests in accordance with paragraph No. U-77 of the above “Code” will be accepted 
in lieu of X-ray tests. For determination of the physical properties of welds of 
longitudinal joints only tension and bend tests in accordance with the above 
“Code” will be required, from full section test coupons attached to every section. 
The tensile strength of the joint specimen shall not be less than the minimum 
of the specified range of the plate used. 

MAT ERIAL S 


16 Federal specifications. — Copies of the Federal specifications referred to 
herein may be procured from, the Superintendent of Documents, Government 
Printing Office, Washington, I>. C., at a price of 5 cents per copy, except specifi- 
cation FF-B-571, the price of which is 10 cents per copy. 

17 semisteel. — Semisteel castings shall be made by the cupola process and 
shali conform to Federal Specification QQ-I-656 for high test gray iron castings 
Vsemisteel). Tension test will not be required. 

18 Cast steel. — Steel castings shall be of medium grade and shall conform to 
Federal Specification QQ-S-681 for steel castings. 

19 S A B 2,340 steel. — S. A. E. 2,340 steel shall be a nickel steel conforming 
to the specifications No. 2340 of the Society of Automotive Engineers. The parts 
shall be heat treated to give physical properties not less than the following : 

Ultimate tensile strength 100,000 pounds per square^ inch. 

Elastic limit *0,000 per square inch. 

Elongation in 2 inches §0 percent. 

Reduction of area 7 — percent. 

Chromium plating of safety stud is not required. 

20 Forged steel. — Forged steel shall conform to the standard specifications of 
the American Society for Testing Materials for “Carbon Steel and Alloy Steel 
Forgings,” Class C. Serial designation A-18-30. Forgings shall be annealed 

t 6 2 ]L e ^eL“Wlfere “steel” only is specified the contractor may fi 5 ^t-elass 
grade of commercial carbon steel best suited for the purpose for which the part 

18 22. h B<rtts%tuds, and nuts. — Bolts, studs, and nuts shall conform in all respects 
to Federal Specification FF-B-571, for bolts, nuts, studs and tap rivets (and 
material for same), except that threads made by rolling will not be allowed. 

Unless otherwise specified, threads shall be free fit. m- ^tainlesq 

28. Gate steme.—Q ate stems shall be made fromMonelmetalor s ^mless 
steel and shall be rolled or forged and heat treated if necessary to produce 
physical properties not less than the following: 

Ultimate tensile strength 90,000 pounds per square inch. 

YiSd Wrtint 1 strength---.-- 70 ,000 pounds per square inch. 

Elongation in 2 inches 25 

Reduction of area - — ^ percent. 
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Stainless steel shall contain 17 to 20 percent chromium unci 7 to 10 percent nickel. 

24. Cast bronze . — Bronze castings shall conform in all respects to composition 
No. 6, Federal Specification QQ-B-691 for bronze castings. 

25. Bronze . — Where “bronze* 5 only is specified on the drawings, phosphor 
bronze or gun bronze may be used, providing the material fulfills the require- 
ments of paragraph 24, “Cast bronze. 5 ” 

26. Rolled bronze . — The physical properties of rolled bronze shall be not less 
than the following : 

Ultimate tensile strength 60, 000 pounds per square inch. 

Yield point 30, OOO pounds per square inch. 

Elongation in 2 inches 30 percent. 

27. Cast manganese bronze . — Manganese bronze castings shall conform in all 
respects to Federal Specification QQ-B-726 for manganese bronze castings. 

28. Class “ C ” bronze . — The chemical composition of Class “C” bronze shall he 
as follows : 


Percent 

Copper 82.00-83.00 

Tin 6. 75- 7. 50 

Bead 4. 50- 5. 00 

Zinc 5. 00- 6. 00 


29. Class “D” 
as follows : 

Copper 

Tin 

Bead 

Zinc 


bronze . — The chemical composition of class “D” bronze shall he 


Percent 
82. 00-83. 00 
4. 75- 5. 50 
7. 75- 8. 25 
4. 00- 5. 00 


30. Babbitt . — Babbitt for gate sills shall conform to. Federal Specification 
QQ-M-161 for antifriction metal, castings and ingots, grade 3. 

31. Miscellaneous materials . — Where materials are specified on the drawings, 
but are not specifically covered herein by detail specifications, the contractor 
shall furnish high-class commercial grades of materials or articles that are 
satisfactory to the Authority. 

32. Manufacturer's name plate . — Cast lettering will not be permitted on any 
of the castings. The contractor may, however, attach a small name plate, giving 
manufacturer’s name, address, date, etc., on one of the principal castings of 
each unit. 
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ALLOCATION OF COSTS 


REPORT OF THE COMMITTEE OF FINANCIAL POLICY OF 
THE TENNESSEE VALLEY AUTHORITY 1 

To the Board of Directors, Tennessee ’Valley Authority: 

This report on the allocation of the cost of the Wilson, Morris, and Wheeler 
Dams to the functions served by these multipurpose projects has been prepared 
pursuant to the authorization by the Board on July 12, 1937, creating a Com- 
mittee on Financial Policy. Attached to this report are supplementary Notes 
on Allocation which bring out in detail various considerations underlying and 
leading to the recommendations that follow. 

In the Authority’s three completed projects, the investment subject to allo- 
cation is $30,120,009 for Wilson Dam, $31,532,120 for Norris Dam, and 
$32,473,542 for Wheeler Dam — a total of $94,125,671. These figures represent 
the cost of construction to the Authority of the Wheeler and Norris projects, 
and the “'present value” of the Wilson project as heretofore determined by the 
Board and approved by the President of the United States in accordance with 
the provisions of section 14 of the Tennessee Valley Authority Act. Of the 
total, $4,075,988 is invested in facilities installed wholly for navigation purposes, 
$2,600,000 in storage used only for flood control, and $23,967,177 in facilities 
constructed for the generation of electricity. The balance of $63,482,506, 67.5 
percent of the total, is the joint investment in the three projects. The com- 
mittee has been charged with the task of recommending a method by which 
this joint investment may be divided as between the three functions of flood 
control, navigation, and power. 

The Tennessee Valley Authority Act contemplates that all the dams in the 
system are to be constructed primarily for navigation and flood control. In 
section 9 (a) of the statute, the Congress authorized the installation of power 
facilities at the dams and adopted the policy of applying the sales of electric 
energy as far as practicable to assist in the liquidation or maintenance of 
the Authority’s projects, and in section 14 required an allocation of project 
costs to the various functions which they serve. As these provisions of the 
statute are interpreted by the committee, the joint investment of $63,482,506 
is to be regarded as a common plant investment, and a procedure must be 
adopted by which the Board may determine the portion which may reasonably 
be recovered through the sales of electric energy. 

A number of theories of cost allocation were studied carefully by the com- 
mittee in its attempt to reach a conclusion as to the shares of the joint 
investment that should be assigned to the various functions. All reasonable 
possibilities were explored in order to reach a result. A discussion of these 
theories and the limitations attaching to each appears in the notes supplement- 
ing this report. Every method of allocating the common-plant investment 
necessarily involves assumptions and estimates the formulation of which is 
dependent on widely varying opinions of individuals. 

Of the total investment in the Authority’s multipurpose projects the only 
definite portion that can he associated with any one purpose is the added 
cost made necessary by the inclusion of that purpose. Whether the required 
additional expenditure is warranted is a question of policy necessitating the 
consideration of many factors, the relative importance of which cannot always 
be determined by a common unit of measurement. The problem is one of 
judgment rather than scientific calculation. 


* Supplementary* notes on this allocation accompanied this report 
printed in H. Doc. No. 709 of the 75th Cong.. 3d sess. 


and have been 
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This question becomes of considerable importance where a dam-construction 
project is justified, as required by the Tennessee Valley Authority Act, pri- 
marily for navigation and flood-control purposes. Latent water power, an 
inevitable consequence of the expenditure for navigation and flood control, 
may be allowed to go to waste, or an additional expenditure may be made to 
convert it into electrical energy. Power may thus be considered self-supporting 
when the power revenues are just sufficient to cover the additional costs incident 
to the establishment and operation of the power facilities. How much higher 
such revenues should be in order that a portion of the remaining costs may he 
liquidated is a policy which the act leaves to the Board. The committee’s 
conclusions, are, therefore, in the form of a recommended policy based on 
judgment and not on any one allocation theory. 

Having, then, given due consideration to the requirements of the act and 
to the various theories of allocation, and taking into account the benefits ex- 
pected from the navigation and flood-control facilities, as set out in detail in 
the accompanying supplemental notes, the committee recommends that the 
combined joint costs of the three-dam system of Wilson, Norris, and Wheeler, 
amounting to $63,482,506, be allocated to the five functions mentioned in section 
14 of the Tennessee Valley Authority Act upon the following percentage basis: 
Flood control, 25 percent ; navigation, 35 percent ; power, 40 percent ; national 
defense, none; fertilizer, none. 

The three completed projects represent a great national-defense asset, hut 
because they are not in operation for that purpose during peacetime, it appears 
to be impracticable to attempt to allocate any portion of the investment to 
their wartime use, and the committee recommends that no part of the investment 
be assigned to that function. It is further recommended that no part of the 
joint investment be allocated to fertilizer, since fertilizer operations are being 
currently charged for services rendered by other departments of the Authority. 

Upon this basis the allocation of the total cost of the system would be as 
follows : 

Common expenditures 


Purpose 

Single- 

purpose 

expendi- 

tures 

Allocation 

Total 

Percent 

Amount 

Amount 

Percent 

Flood control 

$2, 600, 000 
4, 075, 988 
23, 967, 177 

25 

35 

40 

$15, 870, 627 
22, 218, 877 
25,393,002 

$18,470,627 i 
26,294,865 
49.360, 179 

20 

28 

52 

Navigation 

Power __ 

National defense _ 

Fertilizer 






Total 






30, 643, 165 

100 

63,482, 506 

94,125,671 

100 



In the allocation to power recommended above, the normal power capacity of 
these three projects considered as an integrated system has been assumed. At 
present less than three-fourths of the estimated capacity required to realize 
the potential primary and secondary power of the three projects has been 
installed and is available for service. Current power operations should not he 
expected to carry fully the amount set forth above as apportionable to power, 
but for the purposes of simplifying the Authority’s accounting the committee 
does not consider a reduction of the allocations to power to be desirable, 
pending the time that the maximum capacity is installed. 

The sole consideration in the preparation of this report has been to recom- 
mend an allocation for the purposes of the Authority’s accounting as required 
by sections 9 (&) and 14 of the Tennessee Valley Authority Act. These recom- 
mendations apply only to the three completed dams as a unit. No allocation of 
the costs of the various functions to individual dams has been made. The 
dams are interrelated in their operation to provide a unified result, and any 
significant allocation to the several uses can be made only from the standpoint 
of the system rather than by separate projects. Allocation might be deferred 
until the full development has been reached, hut if allocations are henceforth 
to be made as each construction project is completed, they should continue to 
be premised on the basis that both main-river and storage dams are to operate 
as an integrated system. 
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by Martin G § Slaeser ^hcf served for^^^mnOis^as'eha™ 14166 ' 8 f iseussioils 
Respectfully submitted. 


Tennessee Talxet Authority 

Financial Policy Committee , 
K I*. Kohler, 

rn x, Comptroller, Chairman. 
T. B. Parker, Chief Engineer. 
o. M. Woodward, 

Chitf Water-Control Planning Engineer . 
W. C. Fitts, Solicitor. 

J. A. Krug, 

Chief Power Planning Engineer 
Paul W. Ager, 

June 6, 1938. Chief Budget Officer , Secretary. 
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TENNESSEE VALLEY AUTHORITY 

ORGAN IZATI ON 



* ttSKSMEO BY THE U S. BUREAU Of RECLAMATION WITH SOME PARTICIPATION BY THE T. V A STAFF 


Figure 375 . — Organization chart . 
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Organization . 

The chart shown in figure 375 represents the organization of the Authority 
and particularly the departments for Water Control in the Hirer Channel at 
the close of the project. Several organizational changes occurred during the 
construction period and this chart shows only the final arrangement effected. 
Resolutions of the Board of Directors giving the Authority’s organization 
structure in detail are shown on pages 834 to 365 of the Annual Report of the 
Authority for the fiscal year ended June 30, 1937. 

Personnel. 

Barton M. Jones, construction engineer, and Ross White, construction super- 
intendent, were in direct charge of the engineering and construction con- 
nected with the dam, powerhouse, and related features. The other principal 
persons contributing to the Norris project are listed on pages 798 to 802. 
This list has been limited to those whose responsibility placed them in policy- 
making positions, insofar as those positions affected the Norris project In- 
cluded in the list are a number of employees not directly connected with the 
actual construction work and who did not devote their efforts entirely to the 
Norris project but who served in like capacities on several construction projects. 
It is regretted that space does not permit the listing of all persons who were 
identified with the project. 

Wage scale. 

The hourly wage scale was adjusted from time to time so that it might 
be kept consistent with wages existing in the Tennessee Valley region. The 
different rate schedules in effect during the construction period are shown on 
pages 802 and 803. 

Employee relationship policy. 

The policy governing the relationship between the Authority and its em- 
ployees was adopted by the Board of Directors as a result of long study and 
following a series of discussions in which both the employees and management 
participated. This is given on page 804. 

MAJOR SUPERVISORY PERSONNEL 

BOARD OF DIRECTORS 1 


Arthur E. Morgan, chair- Harcourt A. Morgan, vice David E. Lilienthal, direc- 
man and chief engineer chairman. tor. 

(until June 17, 1937). 

John B. Blandford, Jr., coordinator (until May 1936) ; 
general manager (after May 1936). 

ENGINEERING AND CONSTRUCTION 

Administration 

Carl A. Bock, assistant chief engineer. 


^ James P. Pope succeeded Arthur E. Morgan as Director on January 27 1939 Har- 
court A. Morgan was made Chairman of the Board, March 23, 1938, and David E. Lilllenthal 
was made Vice Chairman January 27, 1939. 
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ENGINEERING PLANNING 


Sherman M. Woodward. 


Geology 

Edwin C. Eckel. 

Berlen C. Moneymaker. 
James S. Cullison. 
Robert A. Laurence. 
William P. Prouty. 

Hydraulic Data 

Albert S. Pry. 

Gene N. Burrell. 

Van Court M. Hare. 
Benham E. Morriss. 
Jackson H. Wilkinson. 

Hydraulic Studies 

James S. Bowman. 
Clifton T. Barker. 
Roland A. Kampmeier. 
Joseph H. Kimball. 
Arthur Schweier. 
William L. Voorduin. 
Gabriel O. Wessenauer. 
Dana M. Wood. 


Engineering Services 

Ned H. Say ford. 

Harry Wiersema, assistant. 

RESERVOIR SURVEYS 

George D. Whitmore. 

John F. Barksdale, assist- 
ant. 

Roseoe W. Anderson. 
Dewitt C. Bishop. 

John D. Blagg. 

Guy Crawford. 

Charles P. Gray. 

Gomer D. Hoskins. 
William H. Keen. 

Samuel H. McBetli. 
Clarence C. Miner. 

Paul Morris. 

Burney V. Reany. 

Robert S. Stewart. 

Melvin C. Thomas. 

Charles H. Wright. 

LAND PURCHASE CONTROL 

Robert E. Frierson. 

Paul F. Meredith. 


DRAFTING AND MAPPInq 

Harry P. McKean. 
Thomas Benson. 

Paul C. Klyee. 

Prank W. Ray. 

Harry Tubis. 

INSPECTION AND TESTING 

Perry J. Freeman. 

Frank W. Groh. 

Edgar R. Kendall. 
Franklin H. Stamps. 
Charles D. Susano. 

RAILROAD ENGINEERING 

Henry L. Fruend. 

Robert H. Gleaves. 
Glifford C. Muhs. 

J. Butler Sullivan. 

CEMETERY REMOVAL 

Fred W. Allen. 

utility relocation 
H. Jervey Kelly. 


DESIGN 


*' s j? n . ed S. Bureau of Beelamation, with 

some participation by the following TV A forces : 


Verne Gongwer, liaison officer 

Electrical Design 
Raymond A. Hopkins. 

DAM AND POWERHOUSE 


Civil and Structural 
Design 

Ross M. Riegel. 

DAM AND POWERHOUSE 

Erwin Maerker. 

Cecil E. Pearce. 

SWITCHYARD 

John A. Howe. 

Joseph C. Nowell, Jr. 

CARYVILLE DAM 

Bernard R. Fuller. 

big ridge dam 
Donald H. Mattem. 


Edwin P. Almond. 
Harry B. Barnhill. 
Richard E. Behnke. 
Joseph P, Kennell. 

SWITCHYARD 

Paul F. Galle. 

Joseph P. Kennell. 

Mechanical Design 
William R. Chambers. 

dam and powerhouse 
Charles F. Ellis. 

James M. Lloyd. 

J. Frank Roberts. 

SWITCHYARD 

Carl B. Anderson. 


Highway Engineering 

James W. Bradner, Jr. 

(until October 1934). 
Frank W. Webster (after 
October 1934). 

J ames E. Moreland, asst, 
(after May 1936). 

HIGHWAY DESIGN 

Francis E. Junior. 

BRIDGE DESIGN 

Erwin Harsch. 

FIELD ENGINEERING 

N. W. Dougherty (until 
September 1933). 
Clarence D. Crabtree. 

E. Dudley Jeffries. 

Edgar F. McElfresh. 

Sam F. Vesser. 
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CONSTRUCTION 


Theodore B. Parker, chief construction engineer (after 
November 1935). & 1 <tr * :er 

R 7aft^ h ipril 8 ?K SillS constructi011 superintendent 


Engineering 

Barton M. Jones, construction engineer. 

C. Douglas Riddle, assistant (until October 1934 ) 
Frederick A. Dale, assistant (October 1934 to July 1936) 
Andrew M. Komora, assistant (after July 1936) 


Office Engineering 


Marshall P. Anderson 
(until November 1934). 
Andrew M. Komora 
(July 1934 to July 
1936). 

Cost Engineering 

Hendon R. Johnston (un- 
til May 1935). 

Henry A. Sargent (after 
May 1935). 

Rubie Kirby Parks, as- 
sistant (until January 

1936) . 

Phillip A. Snedecor, as- 
sistant (August 1936 
to April 1937). 

Merton F. Ticknor, as- 
sistant (after March 

1937) . 


Field Engineering 

Hollis L. Broadfoot (un- 
til June 1936). 

Ray M. Miller (after June 
1936). 

ENGINEERS and party 
CHIEFS 

Charles A. Burnett. 
Walter R. Carpenter. 

John W. Clarke. 

Edwin H. Hartman. 

W. Douglas Lavers. 

Ray M. Miller. 

Crayton L. Norris. 

Thomas F. Taylor. 

Harry W. Watkins. 


Concrete and 
Aggregates 

Ivan L. Tyler. 

AGGREGATE 

Francisco Cadena. 

SPECIAL INSTRUMENTS 

Douglas H. McHenry. 

Foundation Drilling 
and Grouting 

James S. Lewis, Jr. 
Gordon A. Carlson. 

Jack C. Evans. 

Electrical Engineering 

Walter I. Self. 


Construction 

Ross White, construction superintendent (until April 
1935) . 

Frederick C. Schlemmer, construction superintendent 
(after April 1935). 


assistants 


Frederick C. Schlemmer (until April 1935). 
Edwin M. Whipple (until January 1935). 
Lex G. Phifer (January 1935 to July 19f~' 
William A. Jones (after August 1936). 


Mechanical 


Excavation and Quarry 


Accounting 


William A. Jones. 

James L. Brown, assist- 
ant (until December 

1934) . 

Harrison D. Irwin, as- 
sistant (after Decem- 
ber 1934). 

Electri cal 

Edward C. McCIenagan. 
Alex J. McKenzie, assist- 
ant (until February 

1935) . 

Kay O. Christiansen, as- 
sistant (after August 
1935). 


Lex G. Phifer. 

Carpentry 

Peter M. Bedette. 
William H. Mitchell, 
sistant. 

Concreting 

George E. Murphy. 

Rigging 

Ben T. Clark. 


Oscar A. Nystrom. 


Storekeeping. 


J. Burton Davis. 

Timekeeping 
Robert E, Jones. 
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Construction Plant 
Adolph J. Ackerman. 

Robert T. Colburn. Philip H. Kline. Howard P. Maxton. 

Reservoir Clearance 
Louis N. Allen. 

Howard E. Davis. William R. Holden. Robert P. Holley. 

Miscellaneous Construction 

Raymond H. Eoss. 

Leslie R. Aneill. 

Lee M. Ragsdale. 

CONSTRUCTION CARYV3LLE DAM 

Hayward McCarthy. John C. Burns. 

FIELD CLERICAL OFFICE HIGHWAYS AND BRIDGES 

Anthony Passerine. Ed M. Tate. 

PROCUREMENT OF MATERIALS 

Charles H. Garity. 

Jack S. Beauchamp, assistant 
William J. Hagan, Jr., assistant. 

Richard F. McLaughlin, assistant. 

Administrative : Clifford L. Edington. 

Contracts : John G. Wer- Purchasing : P. Leslie Traffic : Louis B. Rock- 
neke. Lancaster. well. 

Inspection : Prank J. Specifications : James H. Warehouse and Stores : 

O’Brien. Cheston. Rufus Holland. 

Property : Addison E. 

Hook. 

LAND ACQUISITION 

J. W. Cooper (until May 1984). 

John I. Snyder (after May 1934). 

TITLES APPRAISALS 

Leo L,. Cole. William N. Garrett. 

Michael P. Poley. land buying 

Roscoe Word. Edward W. Cowling, Jr. 

LEGAL 

James Lawrence Ply. 

William C. Fitts, Jr. 

Evans Dunn. Herbert S. Marks. Joseph C. Swidler. 

FINANCE 

Frank J. Carr. 

Paul W. Ager, assistant. 

Jerry F. Stone, adviser. 

Treasurer: Auditing: Anson J. Rob- General Accounting: 

Mrs. Florentine D. ertson. Glenn P. Smith. 

Goodrich (until Construction Accounting: Plant Records: William 
January 1937). Fred L. Cavis. J. Pollock 

J. Ed Campbell (af- 
ter January 1937). 


BOARD OF REVIEW 

Joe L. Burdette. 
William P. Hemphill. 
W. Edward Sanford. 
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LAND PLANNING AND HOUSING 

Earle S. Draper. 

Tracy B. Augur, assistant. 

architecture town and site planning parks and recreation 

Roland A. Wank. Carroll A. Towne. Sam P. Brewster. 

RESERVOIR FAMILY REMOVAL 
William G. Carnahan. Marshall A. Wilson. 

FORESTRY 

Edward G. 3VI. Richards. Bernard Frank. 

GENERAL OFFICE ENGINEER 

Olaf Lanrgaard (February 1936 to January 1937). 

Harry Wiersema (after January 1937). 


budgets 

Burgess B. Brier. 
Albert B. Wilkinson. 


REPORTS AND ORGANIZATION 

George E. Tomlinson. 

Earle B. Butler. Charles M. Turner. 

Thomas G. Harton. Harold B. Vasey. 


CONSULTANTS 


engineering and geologt 


Charles P. Berkey. 

O. N. Floyd. 

L. C. Glenn. 

George "W. Hamilton. 
E. F. Harza. 

Arthur Keith. 

C. H. Locher. 

L. N. McClellan. 
Warren J. Mead. 


C. A. Paquette. 

Charles H. Paul. 

J. D. Savage. 

F. W. Scheidenhelm. 

C. M. Spofford. 

A. O. Swinnerton. 
William F. Uhl. 
Sherman M. Woodward. 
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MINE2RAL DEPOSITS 

Oliver Bowles. 

E. F. Burchard. 

J. J. Craig. 

F. F. Graham. 

EL A. Lewis. 

Ernest West. 

E. N. Williard. 

RAILROAD ADJUSTMENTS 

D. J. Brumley. 

H. J. Saunders. 

E. F. Wendt. 


Floyd W. Reeves (until January 1936). 

Gordon R. Clapp (after January 1936). 

Arthur S. Jandrey, assistant (after April 1937). 


CENTRAL OFFICE 


field office 


Classification : 

Milton V. Smith (un- 


Labor relations: Clair C. Gordon L. Jensen (nntil 


Killen. 


II roll V. OLUJLUJ VU.LI- TV! 

til December 1936) . Personnel relations . Ed 


Carl Jj. Hie bey (after 
December 1936). 
Employment : 

Carl L. Richey nn- 
til January 1936). 
George Slover (after 
January 1936). 
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win B. Shultz. 

Training : 

J. Dudley Dawson 
(nntil February 
1935). 

Maurice Seay ( after 
February 1935). 

OFFICE SERVICES 
John F. Pierce. 


July 1936). 

Page M. Darby (after 
July 1936). 



MALARIA CONTROL 

Robert B. "Watson. 

SANITATION 

Walter G. Stromciuist. 


William 


HEALTH AND SAFETY 

Eugene L. Bishop. 

James A. Crabtree, assistant. 

safety 

Paul P. Strieker (until 
May 1935). 

Donald F. McMurchy (af- 
ter May 1935) . 
Construction safety: 

Henry J. Fulmer. 

Public safety : Kenneth 
A. Rouse. 


MEDICAL STAFF 

William D. Strayhorn, Jr. 
Dam : 

Manly F. Langston. 

S. Fred Strain. 
Robert B. Watson. 
Reservoir : 

Eugene B. Glenn. 
Glenn D. Grubb. 

H. Stirl Rule. 

H. L. C. Wilkerson. 


ARCHAEOLOGY 
S. Webb. T. Levron Howard. 


OPERATIONS 
A. H. Sullivan. 

C. L. Karr. W. W. Woodruff. E. E. Robinson. 

Labor classifications and hourly rates of pay ; Norris project 

Unless otherwise indicated, rates shown were for all types of construe tion. Bates for “dam” applied to 
only the dam structures, while “Miscellaneous” rates applied to such other v, ork as buildings, highways, 
ami railroads. 


Classification 


Prior to 
Dec. 1, 
1933 


Effective 
.Dec. 1, 


In effect 
Oct. 29, 
1935 1 


Effective 
Feb. 1, 
1936 


Effective 
Jab. 1, 
1937 


Apprentice and helpers, dam 

Miscellaneous 

Asbestos worker (heat insulation) 

Blacksmith 

Boilermaker 

Building trades, unclassified 

Cableway operator 

Carpenter (form and finish) 

Compressor operator, dam._, 

Miscellaneous 

Heavy duty compressor operator. 

Concrete finisher — 

Concrete mixer operator, dam 

Miscellaneous- - 

Concrete puddler — _ 

Concrete rodder and spreader 

Core drill operator 

Crane or derrick operator, dam 

Miscellaneous 

Dinkey operator 

Drill-dresser machine operator,. 

Electrician 

Elevating grader operator 

Fireman 

Flagman 

Foremen — Labor 


Skilled trades.. 


Foremen, sub — Labor. . 


Skilled trades.. 


Glaziers 

Hoist operator— 2 drums 

Idrum... 

Iron worker, ornamental 

Jackhammer operator, dam. 
Miscellaneous 


$0. 60-$Q. 75 
.55 


$0. 60~$0. 75 
.60- .75 


80 


1.00 

1.00 

1.00 


1. 00 
1.00 
1. oo 


1.00 
. 60-. 75 
.80 


1. 00 
.60- .75 
.60- .75 


0. 60-$0. 75 
. 60- . 75 
1. 00 
1. 00 
LOO 
1.00 
1. 50 
1. 00 
.60- .75 
.60- .75 


$0. 60-80. 75 
.60- .75 
1. 10 
1. 10 
1. 10 
1. 10 
1.50 
1. 10 

.60- 
.60- 


1.C0 
.75 
.80 
.45 
.75 
1.00 
1. 50 
1. 25 
. 75 
1. 00 
1. 00 


1. 00 
.75 
. 75 
.55 


. 60- 
. 60- 


1.00 

.75 

.75 

.55 


. 60- 
. 60- 


.75 
.75 
1.00 
1. 10 
.75 
.75 
.55 


1. 00 
1.50 
1.25 
.75 
1.00 
1.00 


. 75 


.75 


-’.SO 
2 1.00 


2.90 
2 1.00 
2 1.10 
2 1.25 


1.00 

1,00 


1. 00 

1.00 


.60 

.55 


.60 
. 60 


1.00 

1.50 

1.25 

.75 

1.00 

1.00 

1.00 

.75 

.60 

1-00 

3 1.25 
3 1.375 
.75 
31 . 10 
3 1. 20 

1. 00 
1. 00 
1.00 
1. 125| 
. 6C 
. 60 


1.00 
1. 25- 1. 50 
1. 25- 1. 50 
.75 
1.10 
1.10 
1.00 
.75 
.60 
1.10 
4 1. 25 
4 1. 35 
4 1.50 
.75 
4 1.10 
4 1.20 
4 1.35 
1. 10 
1. 10 
1.00 
1.25 
, 60 
.60 


* Between December 1933 and October 1935, rates for individual classifications were changed as such 
changes were considered appropriate. All changes after October 1935 became effective on the dates shown. 

* Bates shown for 8-hour and 5J4- to 6-hour shifts respectively. 

* Bates shown for supervising trades with $1 and $1,125 rates respectively. 

4 Bates shown for supervising trades with $1, $1.10, and $1.25 rates, respectively. 
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Labor classifications and hourly rates of pay \ Norris project — Continued 


Classification 

Prior to 
Dec. 1, 
1933 

Effective 
Dec. 1, 
1933 

In effect 
Oct. 29, 
1935 

Effective 
Feb. 1, 
1936 

Effective 
Jan. l, 
1937 


$0. 30 

$0.45 

LOO 


$0. 45 
1.00 

$0. 45 


$0, 45 

Le-Tourneau operator 



L iu 

Lineman and armature winder 





1. 10 



LOO. 
1. OO 
1. OO 
LOO 



Machinist and general mechanic 


1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.60 

1.00 

.60 

i " nn 

1. 10 

Marine engineer — 50 tons or over 


i nn 

1. 10 

Less than 50 tons 



1. 10 
1. 00 
1. 10 
LOO 

> 1.25 

Marine pilot — 50 tons or over... 



Less than 50 tons _ 





.90 

LOO 

.55 

LOO 

.55 

. 60- . 75 

1. 12 i 


.35 



. 60 
1. 10 
.75 

-60- .75 


.35 


Motorboat and tugboat operator 

rfi 

Nozzlemen — Sluicing 


. 60 

.60 



60 

60 ~ 

-60^ .75 
1.10 


.70 

1.00 

ll 00 


Painters, sign 




LOO 

1.00 

1.00 

1.10 


1.10 

1.25 

Pipefitter 



* High pressure permanent 


1.125 
1.00 
1. 125 

Plasterers 


i. 66 
LOO 
.75 
.60 
.80 
1.00 
.80 
.80 

1.10 
1. 10 
.75 
.60 
.60 
1. OO 
.75 
.75 
LOO 

1. OO 
. 60 
. 75 
LOO 
. 75 



. 

1.00 


Powder man . 

1» 25 

Pump operator, dam . . 

. 70 

.60- .75 
.60- .75 
1.00 
.75 
.75 
1.00 
1.00 
.60 
.75 
1.00 


Miscellaneous 

.70 

• • / 5 

Rigger 


Road machine operator 

. 55 
. 60 


Road roller operator 

• 

Roofer 

. 75 

1.00 

1.00 


Saw filer _ 

1. Ju 

Sewer layer 

. 30 

.55 

.75 

1.00 

1 10 

Shaft and tunnel miner 


. oO 

Sheet metal worker 


75 

1. 10 

Shingle splitter 

. 60 

.75 


Shovel or dragline operator: 

Over H yard, dam 

1. 00 

1.50 

1.50 

1. 50 

1. 25 

1.50 

1.50 

1.25 

1.00 

1.00 

1.00 

1. 125 

1. 50 

1. 25 

L 25— 1. 50 
1.25 

H yard and under, dam 

1. 00 

1.50 

Miscellaneous _ _ 

1.00 

1.30 

Signalman (cableway) 

Steam engine operator „ . 


1.00 

i. 66 

Steel worker, reinforcing (Bending, placing, 
tying) - 


.75 

1. 00 

LOO 

1. 25 
.45- .60 

1. 10 
. 75 
. 75 

1. 10 

Steel worker, structural (erecting, riveting, 
heating)-. _ 


1.00 

1. 10 

Teamster 


.45- .60 

.45- .60 

1. 00 

Tool dresser 


1.00 

1.00 

Tractor and grader operator, dam 

.60 

.75 

.75 

. 75 

Miscellaneous 

.60 

.80 

.75 

. 75 

Trenching machine operator 

1.00 

1.25 

1.50 

1. OO 

Truck operator: 

All sizes, miscellaneous 

.30 

.55 . 

4-ton, dam 

.30 

.75 - 




lj^-ton, dam 

.30 

.60 . 




Over 5-ton _ ..... 


. 75 

. 75 

. 75 
. 60 

5-ton and under . 



.60 

. 60 

W agon d rill operator - „ _ 


.60- .75 

.75 

. 75 

! 75 
.45 

1. 25 

"Watchman 


.45 

.45 

. 45 

Welder _ _ _ _ _ _ 


1 . 00 

1.00 

1. CO 

For certified welding 

_ 

1. 125. 


RESERVOIR CLEARANCE 




$0. 85 
. 75 

$0.85 

.75 

$1.00 

.75 



$0. 625 

.85 

Labor: 

Skilled 




. 50-$0. 625 

. 625 

.625 


Unskilled - 


.375 

.45 

.45 

.45 



.625 







,85 

.85 

.85 




.625 

.625 


Saw filer _____ 


. 625 

.70 

.70 

. 75 

Tallyman _ _ 



.625 

.625 


Timber riggar _ - _ 



.625 

.625 

.625, 

Tmft ^limTipr 



.625 

.625 

TVnrTr 



.60 

.60 










EMPLOYEE RELATIONSHIP POLICY 


The employee relationship policy as adopted by the Board and published here- 
with is the result of long study and discussion in which both employees and 
management participated. In a real sense, the policy is a product of cooperative 
and collective effort and suggestion. The series of conferences conducted prior 
to formulation of the final draft enlisted the suggestions and criticisms from a 
large number of employees, individually and through their duly authorized 
representatives. This is essentially a policy of the Board of Directors. The 
Board, however, takes pleasure in the fact that the policy was drawn in its 
final form after collective conference and understanding. 

INTRODUCTORY STATEMENT 

The Board of Directors of the Tennessee Valley Authority deems it advisable 
to formulate a policy governing the relationship between employees and man- 
agement and to provide machinery for its administration. In the formulation 
of this policy the Authority recognizes that it is an agency of the sovereign 
Government of the United States. As a consequence, the employee relationship 
policy of the Authority must conform to national policy and the Federal Gov- 
ernment must be in final control. In this respect the Authority differs from a 
private employer. Subject to these conditions, the Authority can establish 
governing principles upon which a progressive program of employee relations 
may be based. This statement represents an initial effort to formulate a labor 
policy for the Tennessee Valley Authority. It will undoubtedly require modifi- 
cation from time to time, and it should be regarded, not as fixed and 
unchangeable, but as subject to growth and change in the light of experience. 

The Authority will support as favorable labor standards and employment 
conditions as are consistent with the national welfare, having regard for the 
fact that the work of the Authority is being financed initially by the people 
of the United States. 

The employee relationship policy of the Authority will find detailed expres- 
sion in specific rules and regulations governing labor standards, rates of pay, 
classification, hours of work, and employment conditions as well as in mem- 
oranda of understanding. Such rules, regulations, and understandings as are 
now in effect or as may hereafter be adopted, will be published for the 
information and guidance of all concerned. 

THE POLICY 

1. An obligation rests upon every member of the management and supervisory 
staff, as well as upon each supervised employee of the Tennessee Valley Au- 
thority, to render honest, efficient, and economical service in the performance of 
his duties. Organizations and associations of supervised employees and of the 
supervisory and management staff are likewise subject to this obligation. 

2. Members of the management and supervisory staff and the supervised 
employees of the Tennessee Valley Authority together comprise an organiza- 
tion for public service. The whole-hearted cooperation of all members of the 
organization in carrying out this policy and the Tennessee Valley Authority Act 
is essential to attain the objectives of the Authority. 

3. For the purposes of collective bargaining and employee-management co- 
operation, employees of the Authority shall have the right to organize and 
designate representatives of their own choosing. In the exercise of this right 
they shall be free from any and all restraint, interference, or coercion on the 
part of the management and supervisory staff. This paragraph shall not be 
construed to limit the rights of employees to organize for other lawful purposes. 

4. No employee of the Authority and no one seeking employment shall be 
required as a condition of employment, transfer, promotion, or retention in 
service to join or to refrain from joining any organization or association of 
employees. 

5. There shall be no discrimination against representatives of employees of 
the Authority nor shall employees suffer discrimination because of membership 
or nonmembership in any organization or association of employees 

6. The majority of the employees as a whole, or of any professional group, 
or craft, or other appropriate unit, shall have the right to determine the organ- 
ization, person or persons who shall represent the employees as a whole, or 
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any such professional group, or craft, or unit. If a dispute shall arise among 
employees as to who are the duly authorized representatives of the employees 
involved, the Personnel Division of the Authority, which shall include a labor 
relations staff, shall investigate such dispute and attempt to adjust it on its 
merits. In the adjustment of such a dispute the Personnel Division may if 
the parties agree in writing, conduct an election to determine the duly author- 
ized representatives of the employees involved. In the conduct of such an 
election the Personnel Division shall designate the persons who may participate 
Should the Personnel Division be unable to adjust the dispute either party shali 
be free to invoke the services of the National Labor Relations Board. 

7. Disputes between an employee and the management growing out of griev- 
ances or out of the interpretation or application of the published rules and 
regulations of the Authority governing labor standards, rates of pay, classifi- 
cation, hours of work, employment conditions, and the like, shall be handled 
by the employee or his representative through established supervisory channels, 
up to and including the designated chief supervisory officer concerned, as defined 
from time to time by the proper administrative officers. Railing prompt and 
satisfactory adjustment, the employee or his representative may appeal the 
dispute to the central office of the Personnel Division for investigation and 
adjustment. 

8. Hourly and annual rates of pay shall be determined on the basis of occupa- 
tional classification to assure comparable rates for comparable work. Schedules 
of such rates shall be published and made available to all employees. The 
division of occupations into classes of work shall give due and adequate recogni- 
tion to intelligence, skill, training, and experience. The classification of occupa- 
tions into classes and grades of work need not be bound by traditional rules 
and customs- The allocation of jobs or positions to scheduled grades shall be 
upon the basis of the duties to be performed. In the classification of annually 
rated positions due regard will be given to standards of classification and rates 
of pay prevailing in the classified Federal service. No discrimination in occupa- 
tional classification or in rates of pay shall be made on the basis of sex: or race. 

9. The regular hours of employment of all hourly rated employees shall be 
bulletined by kinds of employment or by services at each place of employment. 
Such bulletins shall indicate how these hours may be worked in any 24- 
hour period. One, two, three, or four shifts may be worked on any kind of 
employment or service at each place of employment. The regular hours of 
employment shall not exceed 8 in any 24-hour period. All work of hourly 
rated employees shall be so organized as to provide at least 1 day’s rest in 7. 
Whenever feasible such day of rest shall be Sunday. All authorized overtime 
worked in excess of S hours in any 1 working day shall be paid for at the rate 
of time and one-half. Any hourly rated employee required to work on Memorial 
Day, Fourth of July, Labor Day, Thanksgiving Day, Christmas, or on Ms 
designated day of rest, shall be paid at the rate of time and one-half. The 
supervisory and management staff and the supervised employees are expected, 
as a matter of good management and efficiency, to make every possible effort 
to minimize overtime and to conform to the schedule of bulletined hours. Fail- 
ure to obtain reasonable compliance with the schedule of bulletined hours to 
assure elimination of excessive overtime will be interpreted by the Board of 
Directors as indicative of inefficient supervision and workmanship. 

10. The regular hours of employment of all annually rated employees shall be 
bulletined by kinds of employment or by services at each place of employment. 
The regular hours of employment shall not exceed 8 in any 24-hour period. All 
work of annually rated employees shall be so organized as to provide at least 
1 day’s rest in 7. Whenever possible such day of rest shall be Sunday. All 
authorized overtime worked either before or after regular bulletined hours shall 
be recorded and accumulated as earned annual leave, to be taken in accordance 
with the regulations governing annual leave. Any annually rated employee 
required to work on Memorial Day, Fourth of July, Labor Day, Thanksgiving 
Day, Christmas, or on his designated day of rest, shall be allowed to accumulate 
such time as earned annual leave to be taken in accordance with the regulations 


governing annual leave. 

11. During periods of marked unemployment, hours of work will be kept as 
*few as consistent with efficiency in production and reasonable minimum income. 

12. The desirability of giving advance notice before reducing forces is 
recognized. 



13 Appointments to the service of the Authority will be made on the basis of 
merit and efficiency as determined by such factors as intelligence, ability, skill, 
training and experience. Promotion, demotion, transfer, retention in, or termi- 
nation of service with the Authority will toe made on the basis of mei it and 
efficiency * having due regard for length of service. No test of political belief or 
affiliation will be required of any employee or considered in his appointment, pro- 
motion, demotion, transfer, retention in, or termination of, service with the 
Authority If an employee, who is doing the best work he can in good spirit, is 
found to be unsuited for the tasks to which he is assigned, an earnest effort 
shall be made to place him at other work for which he is better suited. Because 
it is in accordance with sound public policy that all work shall be done by those 
who can and will do it best, it shall be the policy of the Tennessee Valley 
Authority to add to its staff those who will distinctly raise its standards of 
work, and to offer equal opportunities for raising standards to employees already 
in the service. Employment in a position is not a vested right to be retained 
primarily because of possession, but only if quality of service justifies continuance 
of employment. 

14. No person under 16 years of age shall he employed by the Authority. No 
person under 18 years of age shall be employed by the Authority in a hazardous 
occupation. 

15. Appointments to the service will not he made when such appointments 
involve nepotism as defined by the Board of Directors of the Authority. 

16. Supervisors may, for just cause, terminate the service of any employee 
under their supervision, and such termination shall separate the employee from 
pay status. In so doing, the supervisor shall state the cause for termination in 
writing. A copy of the written notice stating such cause shall be sent to the 
Personnel Division and to the employee upon request. No employee shall be 
discharged from the Authority, however, without the approval of the Personnel 
Division subsequent to a fair hearing if requested by the employee or his repre- 
sentative within 10 days of the effective date of termination. 

17. Adequate personnel and service records shall be kept for every employee 
in order that recorded data may serve as a basis for appraisal of merit and 
efficiency. 

18. The Authority will endeavor to make adequate provision for the safety 
and health of employees at their places of employment. The management and 
supervisory staff will endeavor to place employees in such tasks as fall within 
the limits of their physical powers, so far as these can be reasonably ascertained. 

19. In accordance with section 3 of the act creating the Authority not less than 
the rate of wages for work of a similar nature prevailing in the vicinity shall 
be paid to laborers and mechanics. In the event any question arises as to what 
are the prevailing rates of wages, which question cannot be settled by conference 
between the duly authorized representatives of the employees and the Authority, 
it shall be referred to the Secretary of Labor for determination, and the decision 
of the Secretary shall be final. In the determination of such prevailing rate or 
rates, due regard shall be given to those rates which have been secured through 
collective agreement by representatives of employers and employees. 

20. All contracts to which the Authority is a party and which required the 
employment of laborers and mechanics in the construction, alteration, main- 
tenance, or repair of buildings, dams, locks, or other projects shall contain a 
provision that not less than the prevailing rate of wages for work of a similar 
nature prevailing in the vicinity, shall be paid to such laborers or mechanics. 

21. Schedules of rates of pay, whether hourly or annual, shall be published 
and remain in force and effect until revised or modified as provided herein. 
Schedules in effect will be open for revision not more often than once each 
calendar year. ^ Proposed revisions will be investigated and studied by the 
Personnel Division in conference with supervisors and employees or their duly 
authorized representatives. Any requests for revisions of established rates of 
pay submitted during the year and not later than November 1, will be consid- 
ered and acted upon by the Board of Directors of the Authority before the end 
of the calendar year. Published schedules of rates of pay shall designate the 
minimum rate for hourly employees and the minimum rate for annual employees 
below whieh no occupation will be classified. Provision may be made for special 
rates of pay for partially disabled persons or for intermittent service. 

22. Jtnles and regulations defining labor standards and conditions of employ-" 
meat, generally applicable to the employees of the Authority, other than rates 
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of pay and occupational classifications, will be adopted, modified, or amended 
from time to time and thereupon published. At least 30 days’ published notice 
shall he given of any proposed new rule or change in established rules. No 
new rule may be adopted or existing rule changed until the duly authorized 
representatives of employees have had reasonable opportunity to confer with the 
supervisory staff and the Personnel Division. 

CONCLUDING STATEMENT 

As a further development of this policy the Board of Directors looks forward 
to the establishment of joint conferences between the duly authorized repre- 
sentatives of the supervised employees and the supervisory and management 
stafi for the purpose of systematic employee-management cooperation. The 
Board recognizes that responsible organizations and associations of employees 
are helpful to such cooperation. It is suggested that such joint cooperative con- 
ferences might well devote themselves to furthering the objectives for which the 
Tennessee Valley Authority was created. In so doing these conferences might 
consider such matters as the elimination of waste in construction and produc- 
tion 1 the conservation of materials, supplies, and energy; the improvement in 
Quality of workmanship and services; the promotion of i -* i " 

. cuo i'i/^Tvof r ‘f ' r ^ n/v« ^ emu misunderstandings, 

me encouragement of courtesy in the relations of employees with the public; 
the safeguarding of health; the prevention of hazards to life and property; 
the betterment of employment conditions; and the strengthening of the morale 
of the service. In the achievement of these objectives, it will not be desirable 
for these cooperative conferences to attempt to adjust individual disputes either 
among employees or between employees and tbeir supervisors, it being the 
intent of this policy to adjust these matters promptly as elsewhere provided. 
When the other features of this policy are satisfactorily translated into practice, 
the Board will stand ready to consider plans prepared jointly by supervised 
employees and the management by means of which these joint conferences may 

be established. 

Signed: 


Approved August 28, 1935. 


Abthtjb E. Morgan, Chairman. 
Habcotjrt A. Mobgan. 

David E. Liixenthal. 




Appendix J 

[Public— Xo. 17— 73d Congress] 

[H. E. 50S1] 

[As amended by Public — No. 412 — 74th Congress] 

[H. R S632] 

AN ACT To improve the navigability and to provide for the flood control of the Ten- 
nessee River ; to provide for reforestation and the proper use of marginal lands in the 
Tennessee Valley; to provide for the agricultural and industrial development of said 
valley; to provide for the national defense by the creation of a corporation for the 
operation of Government properties at and near Muscle Shoals in the State of Alabama, 
and for other purposes 

Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled , That for the purpose of maintain- 
ing and operating the properties now owned by the United States in the vi- 
cinity of Muscle Shoals, Alabama, in the interest of the national defense and 
for agricultural and industrial development, and to improve navigation in the 
Tennessee Biver and to control the destructive flood waters in the Tennessee 
River and Mississippi Biver Basins, there is hereby created a body corporate 
by the name of the “Tennessee Valley Authority” (hereinafter referred to as 
the “Corporation”). The hoard of directors first appointed shall be deemed 
the incorporators, and the incorporation shall be held to have been effected 
from the date of the first meeting of the board. This Act may he cited as the 
“Tennessee Valley Authority Act of 1933.” 

Sec. 2. (a) The board of directors of the Corporation (hereinafter referred 
to as the “board”) shall be composed of three members, to he appointed by the 
President, by and with the advice and consent of the Senate. In appointing 
the members of the hoard, the President shall designate the chairman. All 
other officials, agents, and employees shall be designated and selected by the 
board. 

(b) The terms of office of the members first taking office after the approval 
of this Act shall expire as designated by the President at the time of nomina- 
tion, one at the end of the third year, one at the end of the sixth year, and 
one at the end of the ninth year, after the date of approval of this Act. A 
successor to a member of the hoard shall be appointed in the same manner 
as the original members and shall have a term of .office expiring nine years 
from the date of the expiration of the term for which his predecessor was 
appointed. 

(c) Any member appointed to fill a vacancy in the board occurring prior to 
the expiration of the term for which his predecessor was appointed shall he 
appointed for the remainder of such term. 

(d) Vacancies in the board so long as there shall be two members in office 
shall not impair the powers of the board to execute the functions of the Cor- 
poration, and two of the members in office shall constitute a quorum for the 
transaction of the business of the hoard. 

(e) Each of the members of the board shall he a citizen of the United 
States and shall receive a salary at the rate of $10,000 a year, to be paid by 
the Corporation as current expenses. Each member of the board, in addi- 
tion to his salary, shall be permitted to occupy as his residence one of the 
dwelling houses owned by the Government in the vicinity of Muscle Shoals, 
Alabama, the same to be designated by the President of the United States. 
Members of the board shall be reimbursed by the Corporation for actual ex- 
penses (including traveling and subsistence expenses) incurred by them in the 
performance of the duties vested in the hoard by this Act. No member of 
said board shall, during his continuance in office, be engaged in any other 
business, but each member shall devote himself to the work of the Corpora- 
tion. 
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(f) No director shall have financial interest in any public-utility corpora- 
tion engaged in the business of distributing and selling power to the public 
nor in any corporation engaged in the manufacture, selling, or distribution of 
fired nitrogen or fertilizer, or any ingredients thereof, nor shall any member 
have any interest in any business that may be adversely affected by the success 
of the Corporation as a producer of concentrated fertilizers or as a producer 
of electric power. 

(g) The board shall direct the exercise of all the powers of the Corporation. 

(h) All members of the hoard shall be persons who profess a belief in the 
feasibility and wisdom of this Act. 

Sec. 3. The board shall, without regard to the provisions of civil-service 
laws applicable to officers and employees of the United States, appoint such 
managers, assistant managers, officers, employees, attorneys, and agents as are 
necessary for the transaction of its business, fix their compensation, define 
their duties, require bonds of such of them as the board may designate, and 
provide a system of organization to fix responsibility and promote efficiency. 
Any appointee of the board may be removed in the discretion of the board. 
No regular officer or employee of the Corporation shall receive a salary in ex- 
cess of that received by the members of the board. 

All contracts to which the Corporation is a party and which require the 
employment of laborers and mechanics in the construction, alteration, mainte- 
nance, or repair of buildings, dams, locks, or other projects shall contain a 
provision that not less than the prevailing rate of wages for work of a similar 
nature prevailing in the vicinity shall be paid to such laborers or mechanics. 

In the event any dispute arises as to what are the prevailing rates of wages, 
the question shall be referred to the Secretary of Labor for determination, and 
his decision shall be final. In the determination of such prevailing rate or 
rates due regard shall he given to those rates which have been secured through 
collective agreement by representatives of employers and employees. 

Where such work as is described in the two preceding paragraphs is done 
directly by the Corporation the prevailing rate of wages shall be paid in the 
same manner as though such work had been let by contract. 

Insofar as applicable, the benefits of the Act entitled “An Act to provide 
compensation for employees of the United States suffering injuries while in 
the performance of their duties, and for other purposes,” approved September 
7, 1916, as amended, shall extend to persons given employment under the 
provisions of this Act. 

Sec. 4. Except as otherwise specifically provided in this Act, the Corporation — 

(a) Shall have succession in its corporate name. 

(b) May sue and be sued in its corporate name. 

(c) May adopt and use a corporate seal, which shall be judicially noticed. 

(d) May make contracts, as herein authorized. 

(e) May adopt, amend, and Tepeal bylaws. 

(f) May purchase or lease and hold such real and personal property as it 
deems necessary or convenient in the transaction of its business, and may 
dispose of any such personal property held by it. 

The board shall select a treasurer and as many assistant treasurers as it 
deems proper, which treasurer and assistant treasurers shall give such bonds 
for the safekeeping of the securities and moneys of the said Corporation as 
the board may require: Provided , That any member of said board may be 
removed from office at any time by a concurrent resolution of the Senate and 
the House of Representatives. 

(g) Shall have such powers as may be necessary ox appropriate for the 
exercise of the powers herein specifically conferred upon the Corporation. 

(h) Shall have power in the name of the United States of America to 
exercise the right of eminent domain, and in the purchase of any real estate 
or the acquisition of real estate by condemnation proceedings, the title to such 
real estate shall be taken in the name of the United States of America, and 
thereupon all such real estate shall be entrusted to the Corporation as the 
agent of the United States to accomplish the purposes of this Act. 

(i) Shall have power to acquire real estate for the construction of dams, 
reservoirs, transmission lines, powerhouses, and other structures, and naviga- 
tion projects at any point along the Tennessee River, or any of its tributaries, 
and in the event that the owner or owners of such property shall fail and 
refuse to sell to the Corporation at a price deemed fair and reasonable by 
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the board, then the Corporation may proceed to exercise the right of eminent 
domain, and to condemn all property that it deems necessary for carrying out 
the purposes of this Act, and all such condemnation proceedings shall be had 
pursuant to the piovisions and requirements hereinafter specified, with refer- 
ence to any and all condemnation proceedings : Provided, That nothing contained 
here in or elsewhere in this Act shall be construed to deprive the Corporation 
of the rights conferred by the Act of February 26, 1931 (46 Stat. 1422 /r»h. 307,' 
secs. 1 to 5, inclusive), as now comp iled in sections 258a to 258e^ i^LivA rvf 
title 40 of the United States CodeT __ > 

f(j) Shall have powei* to construct dams, reservoirs, powerhouses, power 
structures, transmission lines, navigation projects, and incidental works in 
the Tennessee River and its tributaries, and to unite the various power 
installations into one or more systems by transmission lines.] 

(j) Shall have power to construct such dams and reservoirs in the Tennesse e 
Ri ver and its tributaries, as in conjunct ion -with Wilson Dam, and Norris. 
W heeler, and Pickwick Landing Dams, n ow under construction, will provide a 
nine-foot channel in the said river and maintain a water supply for th e same, 
from Knoxville to its mouth, and will best serve to promote navigation on 
the Tennessee River and its tributaries an d control destructive flood waters 
in the Tennessee and Mississippi River drainag e basins; and shall have power 
to acquire or construct powerhouses, power strnctures, transmission 
navigation projects, and incidental works in the Tennessee River and its 
tributaries and to unite the various power installations into one or more 
systems by transmission lines. The directors of the Authority are hereby 
directed to report to Congress their recommendations not later than April 1, 
1936, for the unified development of the Tennessee RiveaTsystem. 

(k) At any time before the expiration of five years from the date when 
this section, as amended, becomes law may in the name of and as agent for 
the United States and subject to approval of the President, dispose of any of 
such real property as in the judgment of the board may be no longer necessary 
in carrying out the purposes of this Act, hut no land shall be conveyed on 
which there is a permanent dam, hydraulic power plant, fertilizer plant, or 
munitions plant, heretofore or hereafter built by or for the United States 
or for the Authority. 

(l) Shall have power to advise and cooperate in the readjustment of the 
population displaced by the construction of dams, the acquisition of reservoir 
areas, the protection of watersheds, the acquisition of rights-of-way, and other 
necessary acquisitions of land, in order to effectuate the purposes of the Act; 
and may cooperate with Federal,, state, and local agencies to that end. 

Sec. 5. The board is hereby authorized — • 

Cal To contract with commercial producers for the production of sueh 
fertilizers or fertilizer materials as may be needed in the Government’s pro- 
gram of development and introduction in excess of that produced by Government 
plants. Such contracts may provide either for outright purchase of materials 
by the board or only for the payment of carrying charges on special materials 
manufactured at the board’s request for its program. 

(b) To arrange with farmers and farm organizatons for large-scale practical 
use of the new forms of fertilizers under conditions permitting an accurate 
measure of the economic return they produce. 

Cc) To cooperate with National, State, district, or county experimental 
stations or demonstration farms, with farmers, landowners, and associations 
of farmers or landowners , for the use of new forms of fertilizer or fertilizer 
practices during the initial or experimental period of their introduction, and 
for promoting the pre vention of soil erosion by the use of fertilizers and otherwise. 

Material added by the 1955 amendment is underlined- 

Material deleted by the 1935 amendment is enclosed in brackets. 




(d) The board, in order to improve and cheapen the production of fertilizer,, 
is authorized to manufacture and sell fixed nitrogen, fertilizer, and fertilizer 
ingredients at Muscle Shoals by the employment of existing facilities, by 
modernizing existing plants, or by any other process or processes that in its 
judgment shaLl appear wise and profitable for the fixation of atmospheric nitro- 
gen or the cheapening of the production of fertilizer. 

(e) Under the authority of this Act the board may make donations or 

sales of the product of the plant or plants operated by it to be fairly and 
equitably distributed through the agency of comity demonstration agents, agri- 
cultural colleges, or otherwise as the board may direct, for experimentation, 
education, and introduction of the use of such products in cooperation with, 
practical farmers so as to obtain information as to the value, effect, and best 
methods of their use. „ 

(f) The board is authorized to make alterations, modifications, or improve- 
ments in existing plants and facilities, and to construct new plants. 

( g ) In the event it is not used for the fixation of nitrogen for agricultural 
purposes or leased, then the board shall maintain in stand-by condition nitrate 
plant numbered 2, or its equivalent, for the fixation of atmospheric nitrogen, 
for the production of explosives in the event of war or a national emergency,, 
until the Congress shall by joint resolution release the board from this obli- 
gation, and if any part thereof be used by the board for the manufacture of 
phosphoric acid or potash, the balance of nitrate plant numbered 2 shall be 
kept in stand-by condition. 

(h) To establish, maintain, and operate laboratories and experimental plants, 
and to undertake experiments for the purpose of enabling the Corporation to 
furnish nitrogen products for military purposes, and nitrogen and other fer- 
tilizer products for agricultural purposes in the most economical manner and 
at the highest standard of efficiency. 

(i) To request the assistance and advice of any officer, agent, or employee 
of any executive department or of any independent office of the United States, 
to enable the Corporation the better to carry out its powers successfully, and 
as far as practicable shall utilize the services of such officers, agents, and 
employees, and the President shall, if in his opinion the public interest, service, 
or economy so require, direct that such assistance, advice, and sei'vice be ren- 
dered to the Corporation, and any individual that may be by the President 
directed to render such assistance, advice, and service shall be thereafter 
subject to the orders, rules, and regulations of the board: Provided, That any 
invention or discovery made by virtue of and incidental to such service by an 
employee of the Government of the United States serving under this section, 
or by any employee of the Corporation, together with any patents which may 
be granted thereon, shall be the sole and exclusive property of the Corpora- 
tion, which is hereby authorized to grant such licenses thereunder as shall be 
authorized by the board: Provided further , That the board may pay to such 
inventor such sum from the income from sale of licenses as it may deem 
proper. 

(J) Upon the requisition of the Secretary of War or the Secretary of the 
Navy to manufacture for and sell at cost to the United States explosives or 
their nitrogenous content. 

(k) Upon the requisition of the Secretary of War, the Corporation shall 
allot and deliver without charge to the War Department so much power as 
shall be neeessary in the judgment of said Department for use in operation 
of all locks, lifts, or other facilities in aid of navigation. 

(l) To produce, distribute, and sell electric power as herein particularlv 
specified. 

(m) No products of the Corporation shall be sold for use outside of the 
United States, its Terri tori ties, and possessions, except to the United States 
Government for the use of its Army and Navy, or to its allies in case of war. 

(n) The President is authorized, within twelve months after the passage 
of this Act, to lease to any responsible farm organization, or to any corpora- 
tion organized by it, nitrate plant numbered 2 and Waco Quarry, together 
with the railroad connecting said quarry with nitrate plant numbered 2, for 
a term not exceeding fifty years at a rental of not less than $1 per year, 

authority shall he subject to the express condition that the lessee 
nse P r °P ert y during the term of said lease exclusively for the manu- 
facture of fertilizer and fertilizer ingredients to be used only in the manufac- 
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ture of fertilizer by said lessee and sold for use as fertilizer. The said lessee 
shall covenant to keep said property in first-class condition, but the lessee 
shall be authorized to modernize said plant numbered 2 by the installation of 
such machinery as may be necessary, and is authorized to amortize the cost 
of said machinery and improvements over the term of said lease or any part 
thereof. Said lease shall also provide that the board shall sell to the lessee 
power for the operation of said plant at the same schedule of prices that it 
charges all other customers for power of the same class and quantity. Said 
lease shall also provide that, if the said lessee does not desire to buy power 
of the publicly owned plant, it shall have the right to purchase its power for 
the operation of said plant of the Alabama Power Company or any other pub- 
licly or privately owned corporation engaged in the generation and sale of 
Electric power, and in such case the lease shall provide further that the said 
lessee shall have a free right-of-way to build a transmission line over Govern- 
ment property to said plant, paying the actual expenses and damages, if any, 
incurred by the Corporation on account of such line. Said lease shall also 
provide that the said lessee shall covenant that during the term of said lease 
the said lessee shall not enter into any illegal monopoly, combination, or trust 
with any privately owned corporation engaged in the manufacture, production, 
and sale of fertilizer with the object or effect of increasing the price of fer- 
tilizer to the farmer. 

Sbo. 6. In the appointment of officials and the selection of employees for 
said Corporation, and in the promotion of any such employees or officials, 
no political test or qualification shall he permitted or given consideration, but 
all such appointments and promotions shall he given and made on the basis 
of merit and efficiency. Any member of said board who is found by the 
President of the United States to be guilty of a violation of this section shall 
be removed from office by the President of the United States, and any ap- 
pointee of said board who is found by the board to he guilty of a violation of 
this section shall he removed from office by said board. 

Sec. 7. In order to enable the Corporation to exercise the powers and duties 
vested in it by this Act — 

(a) The exclusive use, possession, and control of the United States nitrate 
plants numbered 1 and 2, including steam plants, located, respectively, at 
Sheffield, Alabama, and Muscle Shoals, Alabama, together with all real estate 
and buildings connected therewith, all tools and machinery, equipment, acces- 
sories, and materials belonging thereto, and all laboratories and plants used 
as auxiliaries thereto ; the fixed-nitrogen research laboratory, the Waco lime- 
stone quarry, in Alabama, and Dam Numbered 2, located at Muscle Shoals, 
its powerhouse, and all hydroelectric and operating appurtenances (except the 
locks), and all machinery, lands, and buildings in connection therewith, and 
all appurtenances thereof, and all other property to he acquired by the Corpo- 
ration in its own name or in the name of the United States of America, are 
hereby intrusted to the Corporation for the purposes of this Act. 

(b) The President of the United States is authorized to provide for the 
transfer to the Corporation of the use, possession, and control of such other 
real or personal property of the United States as he may from time to time 
deem necessary and proper for the purposes of the Corporation as herein stated. 

Sec. 8 . (a) The Corporation shall maintain its principal office in the immedi- 
ate vicinity of Muscle Shoals, Alabama. The Corporation shall he held to be 
an inhabitant and resident of the northern judicial district of Alabama within 
the meaning of the laws of the United States relating to the venue of civil 
suits. 

(b) The Corporation shall at all times maintain complete and accurate books 
of accounts. 

(c) Each member of the board, before entering upon the duties of his office, 
shall subscribe to an oath (or affirmation) to support the Constitution of the 
United States and to faithfully and impartially perform the duties imposed 
upon him by this Act. 

Sec. 9. (a) The board shall file with the President and with the Congress, 
in December of each year, a financial statement and a complete report as to 
the business of the Corporation covering the preceding governmental fiscal 
year. This report shall include an itemized statement of the cost of power 
at each power station, the total number of employees and the names, salaries, 
and duties of those receiving compensation at the rate of more than $1,500 
a year. 
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(b) All purchases and contracts for supplies or services, except for personal 
services, made by the Corporation, shall be made after advertising, in sucFman- 
ner and at such times sufficiently in advance of opening bids, as the board 
shall determine to be adequate to insure notice and opportunity for compe- 
tition : Provided , That advertisement shall not be required when, (1) an emer- 
gency requires immediate delivery of the supplies or performance of the services ; 
or (2) repair parts, accessories, supplemental equipment, or services are re- 
quired for supplies or services previously furnished or contracted for ; or (3) 
the aggregate amount involved in any purchase of supplies or procurement of 
services does not exceed $500; In which cases such purchases of supplies or . 
procurement of services may be made in the open market in the manner common 
among business men: Provided further , That in comparing bids and in making 
awards the board may consider such factors as relative quality and adapta- 
bility of supplies or services, the bidder’s financial responsibility, skill, expert 
ence, record of integrity in dealing, ability to furnish repairs and maintenance 
services, the time of delivery or performance offered, and whether the bidder 
has complied with the specifications. 

The Comptroller General of the United States shall audit the transactions 
of the Corporation at such times as he shall determine, but not less frequently 
than once each governmental fiscal year, with personnel of his selection. In 
such connection, he and his representatives shall have free and open access to 
all papers, books, records, files, accounts, plants, warehouses, offices, and all 
other things, property, and places belonging to or under the control of or used 
or employed by the Corporation, and shall be afforded full facilities for count- 
ing all cash and verifying transactions with and balances in depositaries. He 
shall make report of each such audit in quadruplicate, one copy for the President 
of the United States, one for the chairman of the board, one for public in- 
spection at the principal office of the Corporation, and the other to be retained 
by him for the uses of the Congress : Provided,, That such report shall not be 
made until the Corporation shall have had reasonable opportunity to examine 
the exceptions and criticisms of the Comptroller General of the General Ac- 
counting Office, to point out errors therein, explain or answer the same, and to 
file a statement, which shall be submitted by the Comptroller General with 
his report. 

[The expenses for each such audit may he paid from moneys advanced 
therefor by the Corporation, or from any appropriation or appropriations for 
the General Accounting Office, and appropriations so used shall be reimbursed 
promptly by the Corporation as hilled by the Comptroller General. All such 
audit expenses shall be charged to operating expenses of the Corporation.] 

The expenses for each such audit shall be paid from any appropriation or 
appropriations for the General Accounting Office, and such part of such expenses 
as may be allocated to the cost of generating, transmitting, and distributing 
electric energy shall be reimbursed promptly by the Corporation as billed by 
the Comptroller General . The Comptroller General shall make special report 
to the President of the United States and to the Congress of any transaction 
or condition found by him to he in conflict with the powers or duties entrusted 
to the Corporation by law. 

Sec. 9a. The board is hereby directed in the operation of any dam or reser- 
voir in its possession and control to regulate the stream flow primarily for the 
purposes of promoting navigation and controlling floods. So far as may be 
consistent with such purposes, the board is authorized to provide and operate 
facilities for the generation of electric energy at any such dam for the use 
of the Corporation and for the use of the United States or any agency thereof ; 
and the board is further authorized, whenever an opportunity i s afforde d, to 

Material added by the 1935 amendment is underlined. 

Material deleted by the 1935 amendment is enclosed in brackets. 
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provide and. operate facilities for the generation of electric energy in order 
t oTvoid. the waste of water power, to tra nsmit and market sn^h oJT,;' 

t his act provided, and thereby, so far as m ay be practicable, tn amdst. i-n UqrM^o*. 
ing the cost or aid in the maintenance of the projec ts of the Authority. 

Sec. 10. The board is hereby empowered and authorized to sell the surplus 
power not used in its operations, and for operation of locks and other works 
generated by it, to States, counties, municipalities, corporations, partnerships 
or individuals, according to the policies hereinafter set forth; and to carry 
out said authority, the board is authorized to enter into contracts for such 
sale for a term not exceeding twenty years, and in the sale of such current 
by the board it shall give preference to States, counties, municipalities, and 
cooperative organizations of citizens or farmers, not organized or doing business 
for profit, but primarily for the purpose of supplying electricity to its own 
citizens or members : Provided , That all contracts made with private com- 
panies or individuals for the sale of power, which power is to be resold for 
a profit, shall contain a provision authorizing the board to cancel said contract 
upon five years’ notice in writing, if the board needs said power to supply the 
demands of States, counties, or municipalities. In order to promote and en- 
courage the fullest possible use of electric light and power on farms within 
reasonable distance of any of its transmission lines the board in its discretion 
shall have power to construct transmission lines to farms and small villages 
that are not otherwise supplied with electricity at reasonable rates, and to 
make such rules and regulations governing such sale and distribution of such 
electric power as in its judgment may be just and equitable : Provided further y 
That the board is hereby authorized and directed to make studies, experiments, 
and determinations to promote the wider and better use of electric power for 
agricultural and domestic use, or for small or local industries, and it may 
cooperate with State governments, or their subdivisions or agencies, with 
educational or research institutions, and with cooperatives or other organiza- 
tions, in the application of electric power to the fuller and better balanced 
development of the resources of the region : Provided further , That the board 
is authorized to include in any contract for the sale of power such terms and 
conditions, including resale rate schedules, and to provide for such roles and 
regulations as in its judgment may he necessary or desirable for carrying out 
the purposes of this Act, and in case the purchaser shall fail to comply with 
any such terms and conditions, or violate any such rules and regulations, said 
contract may provide that it shall he voidable at the election of the board: 
Provided further , That in order to supply farms and small villages with electric 
power directly as contemplated by this section, the board in its discretion shall 
have power to acquire existing electric facilities used in servng such farms 
and small vllages: And provided further, That the terms “States”, “counties”, 
and “municipalities” as used in this Act shall be construed to include the 
public agencies of any of them unless the context requires a different construction. 

Sec. 11. It is hereby declared to be the policy of the Government so far as 
practical to distribute and sell the surplus power generated at Muscle Shoals 
equitably among the States, counties, and municipalities within transmission 
distance. This policy is further declared to be that the projects herein pro- 
vided for shall be considered primarily as for the benefit of the people of the 
section as a whole and particularly the domestic and rural consumers to whom 
the power can economically be made available, and accordingly that sale to 
and use by industry shall be a secondary purpose, to be utilized principally to 
secure a sufficiently high load factor and revenue returns which will permit 
domestic and rural use at the lowest possible rates and in such manner as to 
encourage increased domestic and rural use of electricity. It is further hereby 
declared to be the policy of the Government to utilize the Muscle Shoals prop- 
erties so far as may be necessary to improve, increase, and cheapen the pro- 
duction of fertilizer and fertilizer ingredients by carrying out the provisions 
of this Act. 

Sec. 12. In order to place the board upon a fair basis for making such con- 
tracts and for receiving bids for the sale of such power, it is hereby expressly 


Material added by the 1935 amendment is underlined. 
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authorized, either from appropriations made by Congress or from funds secured 
from the sale of sucli power, or from funds secured by the sale of bonds 
hereafter provided for, to construct, lease, purchase, or authorize the 
construction of transmission lines within transmission distance from 
the place where generated, and to interconnect with other systems. The 
board is also authorized to lease to any person, persons, or corporation the use 
of any transmission line owned by the Government and operated by the board 
but no such lease shall be made that in any way interferes with the use of 
such transmission line by the board : Provided , That if any State, county, munici- 
pality, or other public or cooperative organization of citizens or farmers, not 
organized or doing business for profit, but primarily for the purpose of supply- 
ing electricity to its own citizens or members, or any two or more of such 
municipalities or organizations, shall construct or agree to construct and main- 
tain a properly designed and built transmission line to the Government reserva- 
tion upon which is located a Government generating plant, or to a main 
transmission line owned by the Government or leased by the board and under 
the control of the board, the board is hereby authorized and directed to contract 
with such State, county, municipality, or other organization, or two or more 
of them, for the sale of electricity for a term not exceeding thirty years * and 
in any such case the board shall give to such State, county, municipality or 
other organization ample time to fully comply with any local law now in’ ex- 
istence or hereafter enacted providing for the necessary legal authority for 
such State, county, municipality, or other organization to contract with the 
board for such power: Provided further, That all contracts entered into be- 
tween the Corporation and any municipality or other political subdivision or 
cooperative organization shall provide that the electric power shall be sold 
and distributed to the ultimate consumer without discrimination as between 
consumers of the same class, and such contract shall be voidable at the elec 
tion of the board if a discriminatory rate, rebate, or other special concession 
is made or given to any consumer or user by the municipality or other political 
subdivision or cooperative organization : And provided furthe?', That as to anv 
surplus power not so sold as above provided to States, counties, municipalities 
or other said organizations, before the board shall sell the same to any P person 
or corporation engaged in the distribution and resale of electricity for profit 
it shall require said person or corporation to agree that any resale of such 
electric power by said person or corporation shall be made to the ultimate con- 
sumer of such electric at prices that shall not exceed a schedule fixed 

by the board from time to time as reasonable, just, and fair; and in case of 
any such sale, if an amount is charged the ultimate consumer Which is in excess 
of the price so deemed to be just, reasonable, and fair by the board then™ 
tract for such sa!e between the board and such distributor of electricity shall" 
he voidable at the election of the board: And provided further. That the board 
is hereby authorized to enter into contracts with other power systems for ?he 
mutual exchange of unused excess power upon suitable terms, for the conserva^ 
trnn of stored water, and as an emergency or break-down relief conserva 

_ ^ c -^ 12 - a - In - g - rder (1) t0 facilitate the disp osition of the surplus nower of the 
Corporation according to the policies se t forth hTthi t ~ 

g^gority herei n accorded to States, cou nties. - ^ ^ 

or^m zat io ns in the pur chase of such power by enabling their, to acemfro facility 
for the attribution o f such power; 

distri b u tion facilities as going concerns a na avoid duplicat ion of such facilities. 
^ 18 aphorized *> advise _ana cooperate ^U h T nd assist, w 

credit for a period of not e xceeding five years t o Stat es, 

. ities and nonprofit orgamzatlo nsmtuated within transmissi on distent twn 1 T 
a gm where such power Is generated by the Co rporation in ac quiring. t M t T 
and operating (a) existing distri bution facility an d incidents wo r | s , i” eInd ln * g 
jreneratms ptonte; and (h) intercl j5ectin jL t^^ ln acni ™ 

any interest m such facilities, incidental works, a nr? Ur^o — * ~ 

Sec 13. Five per centum of the gross proceeds received bv th» 
sale of power generated at Dam Numbered 2 or from anv nth-- ^l for the 
plant hereaf ter constructed in the State of Alabama, shall be paid to the Stete 
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of Alabama ; and 5 per centum of the gross proceeds from the sale of power 
generated at Cove Creek Dam, hereinafter provided for, or any other dam located 
in the State of Tennessee, shall be paid to the State of Tennessee. Upon the 
completion of said Cove Creek Dam the board shall ascertain how much addi- 
tional power is thereby generated at Dam Numbered 2 and at any other dam 
hereafter constructed by the Government of the United States on the Tennessee 
River, in the State of Alabama, or in the State of Tennessee, and from the gross 
proceeds of the sale of such additional power 2 % per centum shall be paid to 
the State of Alabama and 2% per centum to the State of Tennessee. These 
percentages shall apply to any other dam that may hereafter be constructed 
and controlled and operated by the board on the Tennessee River or any of its 
tributaries, the main purpose of which is to control flood waters and where the 
development of electric power is incidental to the operation of such flood-control 
dam. In ascertaining the gross proceeds from the sale of such power upon 
which a percentage is paid to the States of Alabama and Tennessee, the board 
shall not take into consideration the proceeds of any power sold or delivered to 
the Government of the United States, or any department or agency of the Gov- 
ernment of the United States, used in the operation of any locks on the Tennessee 
River or for any experimental purposes, or for the manufacture of fertilizer or 
any of the ingredients thereof, or for any other governmental purpose: Provided, 
That the percentages to be paid to the States of Alabama and Tennessee, as 
provided in this section, shall be subject to revision and change by the board, 
and any new percentages established by the board, when approved by the Presi- 
dent, shall remain in effect until and unless again changed by the board with the 
approval of the President. No change of said percentages shall be made more 
often than once in five years, and no change shall be made without giving to 
the States of Alabama and Tennessee an opportunity to be heard. 

Seo. 14. The board shall make a thorough investigation as to the present value 
of Dam Numbered 2, and the steam plants at nitrate plant numbered 1, and 
nitrate plant numbered 2, and as to the cost of Cove Creek Dam, for the purpose 
of ascertaining how much of the value or the cost of said properties shall be 
allocated and charged up to (1) flood control, (2) navigation, (3) fertilizer, (4) 
national defense, and (5) the development of power. The findings thus made 
by the board, when approved by the President of the United States, shall he 
final, and such findings shall thereafter be used in all allocations of value for 
the purpose of keeping the book value of said properties. In like manner, the 
cost and book value of any dams, steam plants, or other similar improvements 
hereafter constructed and turned over to said board for the purpose of control 
and management shall be ascertained and allocated. 

The board shall, on or before January 1, 1937, file with Congress a statement 
of its allocation of the value of such properties turned over to said board 
and which have been completed prior to the end of the preceding fiscal year, and 
shall thereafter in its annual report to Congress file a statement of its alloca- 
tion of the value of such properties as have been completed during the preceding 
fiscal year . 

For the purpose of accumulating data useful to the Congress in the formula- 
tion of legislative policy in matters relating to the generation, transmission, 
and distribution of electric energy and the production of chemicals necessary 
to national defense and useful in agriculture, and to the Federal Power Com- 
mission and other Federal and State agencies, and to the public, the board 
shall keep complete accounts of its costs of generation, transmission, and dis- 
tribution of electric energy and shall keep a complete account of the total 
cost of generating and transmission facilities constructed or otherwise acquired 
by the Corporation, and of producing such chemicals, and a description of the 
major components of such costs according to such uniform system of account- 
ing for public utilities as the Federal Power Commission has, and if it have 
none, then it is hereby empowered and directed to prescribe snch uniform sys- 
tem of accounting, together with records of such other physical data and 
operating statistics of the Authority as may be helpful in determining the 
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actual cost and value of services, and the practices, methods, facilities, equip- 
ment, appliances, and standards and sizes, t yp es, location, and^ geographical 
and economic integrati on ~of plants and systems besTHsiBIedn^ 
public interest, effi cienc y, and the wider and more economical use of elec tric 
energ y. Such data shall be reported to the Congress by the board from time 
to time with appropriate analyses an d recom mendations, and, so far as prac- 
ticable, shall be made available to the Fede r al Power Commission and~other 
Federal and State agencies which may be c on cerned with the administration 
of legislation relating to th e generation, tr ansmiss ion, or distribution of electr ic 
energy and chemicals useful to agriculture. It is hereby declared to be the 
policy of this Act that, in order, as soon as practicable, t(T~make the power 
projects_self-supportin g and self -liquidatin g , the surplus power shall be sold at 
rates which, in the opini on of the board, when applied to the normal cap acity 
of the Authority’s power fac ilities, will produce gross revenues in exces s of 
the cos~t~~of production of said power and in add ition to the statem e nt of the 
cost of power at each power station as required by section 9 (a) of the “T en- 
nessee Talley Act of 1933/’ the board shall file with each annual report a state- 
ment of the total cost of all power generated hy it at all power stations during 
e ach year, the average cost of such power per kilowatt-hour, the rates at which 
sold, and to whom sold, and copies of all contracts for the sale of power. 

SKa 15. In the construction of any future dam, steam plant, or other facility, 
to be used in whole or in part for the generation or transmission of electric 
power the board is hereby authorized and empowered to issue on the credit of 
the United States and to sell serial bonds not exceeding $50,000,000 in amount, 
haying a maturity not more than fifty years from the date of the issue thereof, 
and hearing interest not exceeding 3y 2 per centum per annum. Said bonds shall 
be issued and sold in amounts and prices approved by the Secretary of the 
Treasury, but all such bonds as may be so issued and sold shall have equal 
rank. None of said bonds shall be sold below par, and no fee, commission, or 
compensation whatever shall be paid to any person, firm, or corporation for 
handling, negotiating the sale, or selling the said bonds. All of such bonds 
so issued and sold shall have all the rights and privileges accorded by law to 
Panama Canal bonds, authorized by section 8 of the act of June 28, 1902, chap- 
ter 1302, as amended by the act of December 21, 1905 (ch. 3, sec. 1, 34 Stat. 5), 
as now compiled in section 743 of title 31 of the United States Code. All funds 
derived from the sale of such bonds shall be paid over to the Corporation. 

Sec. 15a. With the approval of the Secretary of the Treasury, the Corpora- 
tion is authorized to issue bonds not to exceed in the aggregate $50,000,000 
outstanding at any one time, which bonds may be sold by the Corporation to 
obtain funds to carry out the provisions of section 12a of this Act. Such bond s 
shall be in such forms and denominations, shall mature within such periods 
not more than fifty years from the date of their issue, may be redeemable at 
the option of the Corporation before maturity in such manner as may be s tipu- 
lated therein, shall bear such rates of interest not exceeding 3*4 per centum 
per annum, shall be subject to such terms and conditions, shall be issued in such 
manner and amount, and sold at such prices, as may be prescribed by the Cor- 
poration with the approval of the Secretary of the Treasury: Provided , That 
such bonds shall not be sold at such prices or on such terms as to afford an 
investment yield to the holders in excess of per centum per annum. Such 
bonds shall be fully and unconditionally guaranteed both as to interest and 
principal by the United States, and such guaranty shall be expressed on the 
face thereof, and such bonds shall be lawful investments, and may be accepted 
as security, for all fiduciary, trust, and public funds, the investment or deposit 
of which shall be under the authority o r control of the United States or any 
officer or officers thereof. In the event that the Corpora tion should not pay 
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upon demand, when due, the prin cipal of, or interest on, such, bonds, the Sec- 
retary of the Treasury shall pay to the holder the flaunt 
hereby authorized to be appropria ted .out of any moneys in tha 
otherwise appropriated, and thereupon to the extent of the amount so paid 
the Secretary of the Treasury shall succeed t o all the rights of the holders of 
such bonds. The Secretary of the T reasury, in his discretion, is nniwi^ tr> 
purchase any bonds issued hereund er, and for such purpose the nf 

the Treasury is authorized touse as a public-debt transaction the proceeds frnm 
the sale of any securities hereafter issued under the Second Idbertv -Rond A ot } 
as amended, and the purposes for which securitie s may be issued under such Act. 
as amended, are extended to include any purch ases of the Corporation’s bonds 
hereunder. The Secretary of the Treasury m ay, at any time, sell any of the 
bonds of the Corporation acquired by him under" this section. All redemptions. 
purchases, and sales by the Secretary of the Treasury of the bonds of the Cor- 
poration shall be treated as public-debt transactions of the United States. With 
the approval of the Secretary of the Treasury, the Corporation shall have power 
io purchase such bonds in the open market at any time and at any price. No 
bonds shall be issued hereunder to provide funds or~bonds necessary for the 
performance of any proposed contract negotiated by the Corporation under 
the authority of section 12a of this Act until the proposed contract shall have 
been submitted to and approved by the Federal Power Commission. When 
any such proposed contract shall have been submitted to the said Commission, 
the matter shall be given precedence and shall be in every way expedited and 
the Commission’s determination of the matter shall be final. The authority of 
the Corporation to issue bonds hereunder shall expire at the end of five years 
from the date when this section as amended herein becomes law, except that 
such bonds may be issued at any time after the expiration of said period to 
provide bonds or funds necessary for the performance of any contract entered 
into by the Corporation, prior to the expiration of said period, under the author- 
ity of section 12a of this Act. 

Sec. 16. The board, whenever the President deems it advisable, is hereby 
empowered and directed to complete Dam Numbered 2 at Muscle Shoals, Ala- 
bama, and the steam plant at nitrate plant numbered 2, in the vicinity of 
Muscle Shoals, by installing in Dam Numbered 2 the additional power units 
according to the plans and specifications of said dam, and the additional power 
unit in the steam plant at nitrate plant numbered 2. 

Sec. IT. The Secretary of War, or the Secretary of the Interior, is hereby 
authorized to construct, either directly or by contract to the lowest responsible 
bidder, after due advertisement, a dam in and across Clinch River in the State 
of Tennessee, which has by long custom become known and designated as the 
Cove Creek Dam, together with a transmission line from Muscle Shoals, accord- 
ing to the latest and most approved designs, including powerhouse and hydro- 
electric installations and equipment for the generation of power, in order that 
the waters of said Clinch River may be impounded and stored above said dam 
for the purpose of increasing and regulating the flow of the Clinch River and 
the Tennessee River below, so that the maximum amount of primary power 
may be developed at Dam Numbered 2 and at any and all other dams below 
the said Cove Creek Dam: Provided, however , That the President is hereby 
authorized by appropriate order 1 to direct the employment by the Secretary of 
War, or by the Secretary of the Interior, of such engineer or engineers as . he 
may designate, to perform such duties and obligations as he may deem proper, 
either in the drawing of plans and specifications for said dam, or to perform 
any other work in the building or construction of the same. The President 
may, by such order, place the control of the construction of said dam Id the 
hands of such engineer or engineers taken from private life as he may desire : 


Material added by the 1935 amendment is underlined 

1 Executive Order Numbered 6162 (see p. 825) plaeed the construction in the charge of 
Arthur E. Morgan. 
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And provided further , That the President is hereby expressly authorized with- 
out regard to the restriction or limitation of any other statute, to select attor- 
neys and assistants for the purpose of making any investigation as he may deem 
proper to ascertain whether, in the control and management of Dam Numbered 
2, or any other dam or property owned by the Government in the Tennessee 
River Basin, or in the authorization of any improvement therein, there has been 
any undue or unfair advantage given to private persons, partnerships, or corpo- 
rations by any officials or employees of the Government, or whether in any such 
matters the Government has been injured or un justly deprived of any of its 
rights. 

Sec. 18. In order to enable and empower the Secretary of War, the Secretary 
of the Interior, or the board to carry out the authority hereby conferred in the 
most economical and efficient manner, he or it is hereby authorized and empow- 
ered in the exercise of the powers of national defense in aid of navigation, and 
in the control of the flood waters of the Tennessee and Mississippi Rivers, con- 
stituting channels of interstate commerce, to exercise the right of eminent 
domain for all purposes of this Act and to condemn all lands, easements, rights- 
of-way, and other area necessary in order to obtain a site for said Gove Creek 
Dam, and the flowage rights for the reservoir of water above said dam, and to 
negitiate and conclude contracts with States, counties, municipalities, and all 
State agencies, and with railroads, railroad corporations, common carriers, and all 
public-utility commissions, and any other person, firm, or corporation, for the 
relocation of railroad tracts, highways, highway bridges, mills, ferries, electric- 
light plants, and any and all other properties, enterprises, and projects whose 
removal may be necessary in order to carry out the provisions of this Act. When 
said Gove Creek Dam, transmission line, and powerhouse shall have been com- 
pleted, the possession, use, and control thereof shall be intrusted to the cor- 
poration for use and operation in connection with the general Tennessee Valley 
project and to promote flood control and navigation in the Tennessee River. 

Sec. 19. The Corporation, as an instrumentality and agency of the Govern- 
ment of the United States for the purpose of executing its constitutional 
powers, shall have access to the Patent Office of the United States for the 
purpose of studying, ascertaining, and copying all methods, formulae, and 
scientific information (not including access to pending applications for patents) 
necessary to enable the Corporation to use and employ the most efficacious 
and economical process for the production of fixed nitrogen, or any essential 
ingredient of fertilizer, or any method of improving and cheapening the pro- 
duction of hydroelectric power, and any owner of a patent whose patent rights 
may have been thus in any way copied, used, infringed, or employed by the 
exercise of this authority by the Corporation shall have as the exclusive 
remedy a cause of action against the Corporation, to be instituted and prose- 
cuted on the equity side of the appropriate district court of the United States 
for the recovery of reasonable compensation for such infringement. The 
Commissioner of Patents shall furnish to the Corporation, at its request and 
without payment of fees, copies of documents on file in his office: Provided 
That the benefits of this section shall not apply to any art, machine, method 
of manufacture, or composition of matter discovered or invented by such 
employee during the time of his employment or service with the Corporation 
or with the Government of the United States. 


Sec. 20. The Government of the United States hereby reserves the right, in 
case of war or national emergency declared by Congress, to take possession 
of all or any part of the property described or referred to in this Act for the 
purpose of manufacturing explosives or for other war purposes ; but if this 
right is exercised by the Government, it shall pay the reasonable and fair 
damages that may be suffered by any party whose contract for the purchase 
of electric power or fixed nitrogen or fertilizer ingredients is hereby violated, 
after the amount of the damages has been fixed by the United States Court of 
Claims in proceedings instituted and conducted for that purpose under rules 
prescribed by the court. 

Sec. 21. (a) All general penal statutes relating to the larceny, embezzlement, 
conversion, or to the improper handling, retention, use, or disposal of public 
moneys or property of the United States, shall apply to the moneys and property 
of the Corporation and to moneys and properties of the United States intrusted 
to the Corporation. 

(hU Ax^ person who, with intent to defraud the Corporation, or to deceive 
any director, officer, or employee of the Corporation or any officer or employee 
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of the United States (1) makes any false entry in any book of the Corporation, 
or (2) makes any false report or statement for the Corporation, shall, upon 
conviction thereof, be fined not more than $10,000 or imprisoned not more than 
five years, or both. 

(c) Any person who shall receive any compensation, rebate, or reward, oi 
shall enter into any conspiracy, collusion, or agreement, express or implied, 
with intent to defraud the Corporation or wrongfully and unlawfully to defeat 
its purposes, shall, on conviction thereof, he fined not more than $5,000 or 
imprisoned not more than five years, or both. 

Sec. 22. To aid further the proper use, conservation, and development of the 
natural resources of the Tennessee River drainage basin and of such adjoining 
territory as may be related to or materially affected by the development con- 
sequent to this act, and to provide for the general welfare of the citizens of 
said areas, the President is hereby authorized, by such means or methods as he 
may deem proper within the limits of appropriations made therefor by Congress, 
to make such surveys of and general plans for said Tennessee basin and adjoin- 
ing territory as may be useful to the Congress and to the several States in 
guiding and controlling the extent, sequence, and nature of development that 
may be equitably and economically advanced through the expenditure of public 
funds, or through the guidance or control of public authority, all for the general 
purpose of fostering an orderly and proper physical, economic, and social develop- 
ment of said areas; and the President is further authorized in making said 
surveys and plans to cooperate with the States affected thereby, or subdivisions 
or agencies of such States, or with cooperative or other organizations, and to 
make such studies, experiments, or demonstrations as may be necessary and 
suitable to that end. 

Sec. 23. The President shall, from time to time, as the work provided for in 
the preceding section progresses, recommend to Congress such legislation as he 
deems proper to carry out the general purposes stated in said section, and for 
the especial purpose of bringing about in said Tennessee drainage basin and 
adjoining territory in conformity with said general purposes (1) the maximum 
amount of flood control ; (2) the maximum development of said Tennessee River 
for navigation purposes; (3) the maximum generation of electric power con- 
sistent with flood control and navigation; (4) the proper use of marginal lands; 
(5) the proper method of reforestation of all lands in said drainage basin suit- 
able for reforestation; and (6) the economic and social well-being of the people 
living in said river basin. 

Sec. 24. For the purpose of securing any rights of floVage, or obtaining title 
to or possession of any property, real or personal, that may be necessary or may 
become necessary, in the carrying out of any of the provisions of this Act, the 
President of the United States for a period of three years from the date of the 
enactment of this Act, is hereby authorized to acquire title in the name of the 
United States to such rights or such property, and to provide for the payment 
for same by directing the board to contract to deliver power generated at any 
of the plants now owned or hereafter owned or constructed by the Government 
or by said Corporation, such future delivery of power to continue for a period 
not exceeding thirty years. Likewise, for one year after the enactment of this 
Act, the President is further authorized to sell or lease any parcel or part of 
any vacant real estate now owned by the Government in said Tennessee River 
Basin to persons, firms, or corporations who shall contract to erect thereon 
factories or manufacturing establishments, and who shall contract to purchase 
of said Corporation electric power for the operation of any such factory or 
manufacturing establishment. No contract shall be made by the President for 
the sale of any of such real estate as may be necessary for present or future 
use on the part of the Government for any of the purposes of this Act. Any 
such contract made by the President of the United States shall be carried out 
by the hoard: Provided , That no such contract shall be made that will in any 
way abridge or take away the preference right to purchase power given in this 
Act to States, counties, municipalities, or farm organizations : Provided further , 
That no lease shall be for a term to exceed fifty years: Provided further, That 
any sale shall be on condition that said land shall be used for industrial pur- 
poses only. ^ 

Sec. 25. The Corporation may cause proceedings to be instituted for the acqui- 
sition by condemnation of any lands, easements, or rights-of-way which, in the 
opinion of the Corporation, are necessary to carry out the provisions of this 
Act. The proceedings shall he instituted in the United States district court for 
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the district in which the land, easement, right-of-way, or other interest, or any 
part thereof, is located, and such court shall have full jurisdiction to divest the 
complete title to the property sought to be acquired out of all persons or claim- 
ants and vest the same in the United States in fee simple, and to enter a decree 
quieting the title thereto in the United States of America. 

Upon the filing of a petition for condemnation and for the purpose of ascer- 
taining the value of the property to be acquired, and assessing the compensa- 
tion to be paid, the court shall appoint three commissioners who shall be disin- 
terested persons and who shall take and subscribe an oath that they do not 
own any lands, or interest or easement in any lands, which it may be desirable 
for the United States to acquire in the furtherance of said project, and such 
commissioners shall not be selected from the locality wherein the land sought 
to be condemned lies. Such commissioners shall receive a per diem of not to 
exceed $15 for their services, together with an additional amount of $5 per 
day for subsistence for time actually spent in performing their duties as 
commissioners. 

It shall be the duty of such commissioners to examine into the value of the 
lands sought to be condemned, to conduct hearings and receive evidence, and 
generally to take such appropriate steps as may be proper for the determination 
of the value of the said lands sought to be condemned, and for such purpose 
the commissioners are authorized to administer oaths and subpoena witnesses, 
which said witnesses shall receive the same fees as are provided for witnesses 
in the Federal courts. The said commissioners shall thereupon file a report 
setting forth their conclusions as to the value of the said property sought to be 
condemned, making a separate award and valuation in the premises with respect 
to each separate parcel involved. Upon the fifing of such award in court the clerk 
of said court shall give notice of the filing of such award to the parties to said 
proceeding, in manner and form as directed by the judge of said court. 

Either or both parties may file exceptions to the award of said commissioners 
within twenty days from the date of the filing of said award in court. Excep- 
tions filed to such award shall be heard before three Federal district judges 
unless the parties, in writing, in person, or by their attorneys, stipulate that 
the exceptions may he heard before a lesser number of judges. On such hear- 
ing such judges shall pass de novo upon the proceedings had before the com- 
missioners, may view the property, and may take additional evidence. Upon 
such hearings the said judges shall file their own award, fixing therein the 
value of the property sought to be condemned, regardless of the award previ- 
ously made by the said -commissioners. 

At any time within thirty days from the filing of the decision of the district 
judges upon the hearing on exceptions to the award made by the commissioners, 
either party may appeal from such decision of the said judges to the circuit 
court of appeals, and the said circuit court of appeals shall upon the hearing 
on said appeal dispose of the same upon the record, without regard to the 
awards or findings theretofore made by the commissioners or the district judges, 
and such circuit court of appeals shall thereupon fix the value of the said 
property sought to he condemned. 

Upon acceptance of an award by the owner of any property herein provided 
to he appropriated, and the payment of the money awarded or upon the failure 
of either party to file exceptions to the award of the commissioners within the 
time specified, or upon the award of the commissioners, and the payment of 
the money by the United States pursuant thereto, or the payment of the monev 
awarded into the registry of the court by the Corporation, the title to said 
property and the right to the possession thereof shall pass to the United States, 
and the United States shall be entitled to a writ in the same proceeding to 
dispossess the former owner of said property, and all lessees, agents, and attor- 
neys of such former owner, and to put the United States, by its corporate crea- 
ture and agent, the Corporation, into possession of said property. 

In the event of any property owned in whole or in part bv minors, or insane 
persons, or incompetent persons, or estates of deceased persons, then the legal 
representatives of such minors, insane persons, incompetent persons, or estates 
shall have power, by and with the consent and approval of the trial judge in 
whose court said matter is for determination, to consent to or reject the awards 
of the commissioners herein provided for, and in the event that there he no 
legal representatives, or that the legal representatives for such minors, insane 
persons, or incompetent persons shall fail or decline to act, then such trial 
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judge may, upon motion, appoint a guardian ad litem to act for such minors 
insane persons, or incompetent persons, and such guardian ad litem shall act 
to the full extent and to the same purpose and effect as his ward could act if 
competent, and such guardian ad litem shall be deemed to have full power 
and authoiity to respond, to conduct, or to maintain, any proceeding hereiu 
provided for affecting his said ward. 

[Sec. 26. The net proceeds derived by the board from the sale of power and 
any of the products manufactured by the Corporation, after deducting the cost 
of operation, maintenance, depreciation, amortization, and an amount deemed 
by the board as necessary to withhold as operating capital, or devoted by the 
board to new construction, shall be paid into the Treasury of the United 
States at the end of each calendar year.] 

Sec. 26, Commencing July 1, 1936, the proceeds for each fiscal year derived 
by the board from the sale of power or any other products manufactured by 
the Corporation, and from any otheTactivities of the Corporation including the 
disposition of any real or personal property, shall be paid into the Treasury 
of the United States at the end of each calendar year, save and except such 
part of such proceeds as in the opinion of the board shall be necessary for the 


Corporation in the operation of dams and reservoirs, in conducting its business 
i n generating, transmitting, and distributing electric energy and in manu- 
facturing, selling, and distributing fertilizer and fertilizer ingredients. A con- 
tinuing fund of $1,000,000 is also excepted from the requirements of t his 
section and may be withheld by the hoard to defray emergency expenses and 
to insure continuous operation : Provided , That nothing in this section shall be 
construed to prevent the use by the board, after June 3071936, of proceeds 
accruing prior to July 1, 1936, for the payment of obligations lawfully in- 
curred prior to such latter" date . 

Sec. 26a. The unified development and regulation of the Tennessee River 
system requires that no dam, appurtenant works, or other obstruction affect- 


ing navigation, flood control, or public lands or reservations shall be constructed, 
and thereafter operated or maintained across, along, or in the said river or 
any of its tributaries until plans for such construction, operation, and mainte- 
nance shall have been submitted to and approved by the board ; and the con- 
struction, commencement of construction, operation, or maintenance of such 
structures without such approval is hereby prohibited. When such plans shall 
have been approved, deviation therefrom either before or after completion of 
such structures is prohibited unless the modification of such plans has previ- 
ously been submitted to and approved by the board. 

In the event the board shall, within sixty days after their formal submis- 
sion to the board, fail to approve any plans or modifications, as the case may 
be, for construction, operation, or maintenance of any such structures on the 
Little Tenessee River, the above requirements shall be deemed satisfied, if 
upon application to the Secretary of War, with due notice to the Corpora- 
tion, and hearing thereon, such plans or modifications are approved by the said 
Secretary of War as reasonably adequate and effective for the unified de- 
velopment and regulation of the Tennessee River system . 

Such construction, commencement of construction, operation, or maintenance 
of any structures or parts thereof in violation of the provisions of this section 
may he prevented, and the removal or discontinuation thereof required by the 
injunction or order of any district court exercising jurisdiction in any district 
in which such structures or parts thereof may be situated, and the Corporation 
is hereby authorized to b ring appropriate proceedings to this end. 


Material added by the 1935 amendment is underlined.^ 

Material deleted by the 1935 amendment is enclosed m brackets 
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The requirements of this section shall not be construed to be a substitute 
for the requirements of any other law of the United States or of any State 
now in effect or hereafter enacted, but shall be in addition thereto, so that 
any approval, license, permit, or other sanction now or hereafter required by 
the provisions of any such law for the construction, operation, or mainte- 
nance of any structures whatever, except such as may he constructed, operated, 
or maintained by the Corporation, shall be required, notwithstanding the pro- 
vi sions of this section . 

Sec. 27. All appropriations necessary to carry out the provisions of this 
Act are hereby authorized. 

Sec. 28. That all Acts or parts of Acts in conflict herewith are hereby re- 
pealed, so far as they affect the operations contemplated by this Act. 

Sec. 29. The right to alter, amend, or repeal this Act is hereby expressly 
declared and reserved, but no such amendment or repeal shall operate to im- 
pair the obligation of any contract made by said Corporation under any power 
conferred by this Act. 

Sec. SO. 2 The sections of this Act are hereby declared to be separable, and in 
the event any one or more sections of this Act be held to be unconstitutional, the 
same shall not affect the validity of other sections of this Act. 

Sec.* 31. This Act shall be liberally construed to carry out the purposes of 
Congress to provide for the disposition of and make needful rules and regula- 
tions respecting Government properties entrusted to the Authority, provide for 
the national defense, improve navigation, control destructive floods, and pro- 
mote interstate commerce and the general welfare, but no real estate shall be 
held except what is necessary in the opinion of the board to carry out plans 
and projects actually decided upon requiring the use of such land: Provided, 
That any land purchased by the Authority and not necessary to carry out plans 
and projects actually decided upon shall be sold by the Authority as agent of the 
United States, after due advertisement, at public auction to the highest bidder, 
or at private sale as provided in section 4 (k) of this Act. 


Executive Order 

CONSERVATION AND DEVELOPMENT OF THE NATURAE RESOURCES 
OF THE TENNESSEE RIVER DRAINAGE BASIN 

In accordance with the provision of section 22 and section 23 of the Tennessee 
Valley Authority Act of 1933, the President hereby authorizes and directs the 
Board of Directors of the Tennessee Valley Authority to make such surveys, 
general plans, studies, experiments, and demonstrations as may be necessary 
and suitable to aid the proper use, conservation, and development of the natural 
resources of the Tennessee River drainage basin, and of such adjoining territory 
as may he related to or materially affected by the development consequent to 
this act, and to promote the general welfare of the citizens of said area; 
within the limits of appropriations made therefore by Congress. 

Franklin D. Roosevelt. 


The White House, 
June S, 198 $ , 


[No. 6161] 

Material added by the 1935 amendment is underlined. 

* Section 15 of the amendatory Act provides as follows : 

“That the sections of this Act are hereby declared to be separable, and in the event 
of any one or more sections of this Act, or parts thereof, be held to be nneonsti- 
tntio iial such holding shall not affect the validity of oth er sections or parts of this 
Act** ‘ " 




EXECUTIVE ORDERS 


825 


Executive Order 

CONSTRUCTION OF COVE CREEK DAM ON CEINCH RIVER 


In accordance with the provisions of sections 17 and IS of the Tennessee 
Valley Authority Act of 1933, I do hereby place the construction of the Cove 
Creek Dam on Clinch River in the hands of Arthur E. Morgan without additional 
compensation to said Arthur E. Morgan, and under his direction of such engi- 
neers as may be necessary foi that purpose, with the understanding that the 
work shall be done by and through the Tennessee Valley Authority. 


The White House, 
June 8, 1933. 


Franklin D. Roosevelt. 


[No. 6162] 


Executive Order 


RATES OP COMPENSATION OF GOVERNMENT EMPLOYEES IN EMER- 
GENCY AGENCIES NOT SUBJECT TO THE CLASSIFICATION ACT, AND 
ACTS AMENDATORY THEREOF 


By virtue of the authority vested in me as President of the United States, 
and under authority of section 1753 of the Revised Statutes, and in order to 
secure greater uniformity in the rates of compensation of employees engaged 
upon the same or similar classes of work, it is hereby ordered that the respective 
heads of 


National Industrial Recovery Administration, 
Agricultural Adjustment Administration, 
Tennessee Valley Authority, 

Public Works Administration* 

Emergency Conservation Work, 
Reconstruction Finance Corporation, 

Farm Credit Administration, 

Federal Emergency Relief Administration, 
Home Owners’ Loan Corporation, 

Federal Coordinator of Transportation, 


which are authorized by law to employ personal services and to fix rates of 
compensation therefor without regard to the Classification Act of 1923, as 
amended, shall, unless otherwise specifically authorized by me, fix such rates 
for officers and employees now in the service, as well as for those hereafter 
appointed, at the amounts prescribed in the following salary-standardization 
schedule, in accordance with the duties and responsibilities of the positions 

occupied by them: ^ , , . 

Salary schedule , emergency agencies 


Grade 


Salary 


Corresponding services and 
grades under amended 
Classification Act 


Grade 


Salary 


C orresponding services and 
grades under amended 
Classification Act 


1 

2 

3 

4 

5 

6 

7 

8 
9 


$840. . 
$1,080. 
$1,260. 

$1,440 

$1,620 

$1,800 

$2,000 

$2,300 

$2,660 


CXJ-1 ($600). 

CU-2. 

rOAF-l. 

iSP— 2. 

fOAF-2. 

lSF-3. 

CAF-3. 

8 P—4. 

OAF-4. 

SF-5. 

’P-l; CAP-5. 
CO-8; SP-6. 
[OAF-6. 

CTJ-9. 

SP-7. 

T-2; CAP-7. 

.ctr-io; SP-8. 


10 

$2,900— 

11 

$3,200 

12 

$3,600 

13 

$4,000 

14 

$4,500 

15 

$5,200 — 

16 

$6,000 

17 

$6,800 

18 

$8,000 

19 

Over $8,000. _ 


CAP-8. 

/P-3. 

\CAP-9. 

CAF-10 ($3,500). 

{OAF-Il}'* 3 ' 8 '®' 

{aAF-12}® 4,6005- 

{OAF-Is}® 6 ' 6 ^- 

fP-8. 

{St F-lli} (° ver 


In all eases not subject to the provisions of section 2, title II, of the act of 
March 20 1933 (Public, No. 2, 73d Cong.), the rates payable under this schedtfic 
^allbedecriasedbytbf amount, if any, by which such rate would be reduced 
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pursuant to the provisions of said section 2 if such section were applicable. 
All appointments hereafter shall stipulate that the rate to be paid thereunder 
shall be the appropriate specific rate of the schedule less the amount, if any, 
by which such rate would be reduced pursuant to the provisions of said section 2 
if such section were applicable. . 

In making the initial adjustment of salaries under this order, where it is 
necessary to reduce the present rate of. an employee to conform to the rate 
scheduled for the grade to which his position is allocated under the salary 
schedule herein approved, the head of the department, establishment, or agency 
concerned may fix such basic rate at an amount not more than 20 percent in 
excess of such scheduled rate (a) where the employee is occupying a position 
allocated to grade 13 or higher in the said salary schedule, or (Z>) where the 
employee was reinstated or transferred under the civil-service rules to his pres- 
ent position from a regular Government establishment (or could have been so 
reinstated or transferred), or where the employee was selected from the reem- 
plovment list of the Civil Service Commission, provided such 20 percent excess, 
or part thereof, shall be applied only insofar as is necessary to increase the basic 
salary rate of the employee so reinstated, transferred, or reemployed, as fixed 
under the said salary schedule, to an amount not in excess of the basic salary 
rate last received by him in the department or establishment in which he was 
previously employed. 

Such adjustments in existing rates of compensation as may be necessary to 
comply with the provisions of this order shall be made effective as soon here- 


after as may be practicable. 
The White House;, 


Franklin D. Roosevelt. 


November 18, 1983. 


[No. 6440] 


Executive Older 

RATES OF COMPENSATION OF GOVERNMENT EMPLOYEES IN EMER- 
GENCY AGENCIES, ETC., NOT SUBJECT TO THE CLASSIFICATION 
ACT AS AMENDED 

By virtue of and pursuant to the authority vested in me as President of the 
United States, it is hereby ordered that the heads of existing emergency agen- 
cies and of those hereafter created and (except the heads of executive depart- 
ments and independent establishments) the heads of all other agencies operated 
in whole or in part from emergency funds, the compensation of the employees 
of which may be fixed without regard to the Classification Act of 1923, as 
amended, shall, unless otherwise specifically authorized by me, classify the 
positions of the employees of their respective agencies now in the service or 
hereafter appointed in accordance with the following salary schedule and 
adjust and fix the rates of compensation therefor at amounts not in excess of 
those prescribed therein for the corresponding grades : 

Salary schedule 


Corresponding services and 
grades under amended 
Classification A ct 


Corresponding services and 
grades under amended 
Classification Act 


1 $840._ CU-1 ($600). 

2 $1,080 CTJ-2. 

3 $1,260. {s^-2." 3 " 

4 *1,440 {0A|-2. 

5 *1,620 {s£U' 

8 *1,800 {sp-I" 4 - 

7 *2,000 {cU-8?”sP-!.' 

fCAF-6. 

8 $2,300 {CU~9. 

ISP— 7. 

i »o> o/iA /P— OAF— 7. 

$2,600 \CU~10; SP-8. 


10 $2,900 CAF-8. 

11 $3,200 {cAF-9. 

12 $3,600 C AF— 10l($3,500) . 

13 $4,000 {oAF-11 P $3,800) * 

14 $4,500 {cAF-12} ($4 ’ 600) * 

15 $5,200- {cAF-13} ($5 ’ 600) * 

16 $6, 000 . 

17 $6,800- ,-p a 

18 ^°°°- {CAF-IS. 

19 Over $8,000— {c AF-16}^ over * 
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The positions of employees in executive departments and independent estab- 
lishments who are paid from emergency funds shall be classified under the 
provisions of the Classification Act* of 1928, as amended : Provided, That the 
heads of such departments and establishments may elect to fix such rates of 
compensation either under the said Classification Act or in accordance with the 
salary schedule prescribed in this order. 

All classifications made pursuant to this order, except those made in accord- 
ance with the provisions of the Classification Act of 1923, as amended, shall be 
subject to review and revision by the Civil Service Commission upon the request 
of the executive council. In the event any classification made by the head of a 
department or an agency pursuant to this order is revised by the Civil Service 
Commission, the revised classification shall be final and effective beginning the 
first day of the first month after such revision is reported by the executive 
council to the head of the department or agency concerned. 

The following are hereby excepted from the provisions of this order: 

(1) All employees of the Tennessee Valley Authority and its affiliates. 

(2) All employees of the Office of the Federal Coordinator of Transportation. 

(3) All common, unskilled, skilled or semiskilled laborers, skilled tradesmen 
such as machinists, plumbers, steamfitters, carpenters, painters, etc., and the 
foremen of single groups of such employees, and seamen and ship’s officers, 
whose rates of compensation, under existing laws and practice, are fixed by 
labor wage boards, or at local wage rates as determined under authority of law 
by the heads of the agencies concerned. 

(4) All enrollees of Emergency Conservation Work camps. 

(5) All employees of the Federal Civil Works Administration and the Fed- 
eral Emergency Relief Administration except the clerical and administrative 
personnel employed in the central offices of the said Administrations in the 
District of Columbia. 

(6) All other persons engaged in employment similar to that of the classes 
of employees described in (3), (4), and (5), supra, or employed under similar 
circumstances. 

(7) All employees engaged upon the educational program of the Emergency 
Conservation Work. 

(8) All employees of the Regional Agricultural Credit Corporation. 

In all cases not subject to the provisions of section 2, title II, of the act of 
March 20, 1933 (ch. 3, 48 Stat. 8, 12), as amended by section 22, title II, of the 

act of March 28, 1934 (Public, No. 131, 73d Cong.), the rates payable to em- 
ployees subject to the provisions of this order shall be the rates fixed within 

the respective grades decreased by the amount, if any, by which such rate 

would be reduced pursuant to the provisions of said section 2 if such section 
were applicable. Every appointment hereafter made shall stipulate that the 
rate to be paid thereunder shall be the appropriate grade rate specified therein 
less the amount, if any, by which such rate would be reduced pursuant to the 
provisions of said section 2 if such section were applicable. 

All adjustments in rates of compensation made pursuant to this order shall 
be reported to the executive council and shall become effective beginning the 
first day of the first month subsequent to that in which such report is made. 

The term “adjustments” as used herein shall include increases as well as 
decreases in rates of compensation, and the term “employees” shall include 
officers. 

This order supersedes Executive Orders Numbers 6440, 6553, and 6622, dated 
November 18, 1933, January 10, 1934, and March 1, 1934, respectively. 

Franklin D. Roosevelt. 


The White House, 
June 21, 1984. 


[6746] 
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(See Design analysis; Earthquake 
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cost 164, 170 

dam site to Halls Crossroads 168 

design ^ 162 
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preliminary considerations 161 

Accounting (see also Costs) : 

classification of accounts 568 

depreciation of plant and equip- 
ment 578, 591 

disposal of equipment and plant -583 

equipment and plant capital ac- 
counts 577 

general expense 599 

hired trucks and teams 599 
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methods 565 

operation of equipment and plant- 591 
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shop order systems 595 

staff 565 

valuation of equipment 586 

Acknowledgements 635 

. Act, TVA i 809 

Actuators and controls, governor — 119, 145 
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Aggregate : 
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data — 257 

dolomite rock 221, 225, 228, 240, 392 

fine investigations I 240,753 

grading 385,388 

inspection 407 

supply investigation — 221, 225; 238 

tests 344 

Aggregate manufacturing plant: 

belt conveyor 221, 241, 246, 248 
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control and signal equipment 257 

cost 242, 245, 252, 254 

fines reclaimer 251, 256, 392 

primary crusher 221, 

227, 241, 244, 247, 649 

procurement — 239 

pulverizers 248 
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sand plant 248, 649 

sand pumps 251,-256 

sand washer 251, 255 

screens 246, 250, 256 

screening structure 221, 241 

secondary crusher 221, 241, 247, 649 

statistical summary 649 

storage 224, 241, 254 

studies 221, 238, 240 

Air compressors 145, 273, 302, 647 

Air conditioning 146, 623 

Air inlet, - 96, 106, 463, 640 

Air Nitrates Corporation 9 

Allocation of costs 614, 793 

Aluminum Co. of America 7, 124 

Ante ri can Bureau of Welding 460 

American Cynamid Co _9 

Anderson County 59, 175 


Apron (see also Spillway) 92,455 

model studies 696 

velocity studies 713 

Archaeology 517,621 

Architectural model studies 718 

Architectural treatment 150 

Architecture, housing. (See Housing.) 

Army engineers. (See U. S. Army En- 
gineers.) 
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Backwater adjustments : 

Caryville IS, 532 

Loyston 531 

Backwater protection 18 

Barge lift 16, 46 

Barge iift omission, consultants’ re- 
port 654 

Batcher 224, 269 

Battery : 

control 136 

station 136, 646 

Bearings. (See Generator ; Tur- 
bines.) 

Bench marks 348, 350 

Berkey, C. P., geologic consultant 651 

Bibliographies. (See end of each 
chapter.) 

Bid forms. (See Specification forms.) 

Big Barren Creek, silt studies 547 

Big Ridge Dam 559 

Big Ridge Lake 549. 554 

Big Ridge Park-- 557, 559 

Big Sycamore Creek, silt studies 547 

Blasting, quarry 231 

Boat landings 557 

Borings 22, 359. 361 

Boulder Dam 80, 411 

Bridge construction 521, 522, 524 

Bridge demolition 524 

Bridge over spillway: 

architectural studies 718 

concrete 467 

design 18, 71, 158, 639 

steel erection 465 

Bridge removal 522 
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access roads 168,170 

Budget. (See Construction budget.) 
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Loyston Dike). (See Earth dike.) 

Bureau of American Ethnology, Bulle- 
tin 118, 518 

Bureau of Reclamation. (See U. S. 

Bureau of Reclamation.) 


Cable tunnel 135,141,3 53 

construction 470 

Cables (see also Wiring) 646 

Cableway : 

bucket 288, 294 

cables and carriage 283, 285, 291 

capacity 224, 280, 282, 284. 649 

cost summary 288, 293 

design 283, 649 

equipment 283, 287, 292 

history 281 

investigations 282 
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Cableway — Continued. Page 

operation and maintenance 288 

performance 289 

runway cave-in 292 

runway cave-in, consultants’ re- 
port 656 

safety features 287 

statistical summary 649 

tests 287 

towers, runways 284, 292 

tower trucks 283 

Cafeteria 185, 191 

Cairo, Illinois r ._ 26, 33, 40 

Calhoun, John C 3 

Campbell County 59, 63, 519 

Carolina Power Co 7 

Caryville, backwater adjustments 18, 532 

Caryville Dam 534, 621 

Caryville Labe 533, 549 

Caves, west abutment 21, 377 
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Cement : 

acceptance tests 757 

chemical analyses 747 

handling cost 265 

handling, hauling 221, 264, 266 

handling, storage 221, 265, 267 

handling studies 262 

handling, unloading 262 

heat of hydration experimental 

apparatus 750 

loss 266 

plants 744 

pumps 262, 266 

specifications 383 

statistical summary 649 

studies 383, 393, 743 

temperature rise 747 

tests 343, 747 

type B slag, investigations 384, 746 

Cemetery relocation 507, 511 

cost 513, 621 

policy 509 

records 511 

reinterment 510 

surveys 499, 510 

Ceramics laboratory 216 

Chandler-Dunbar condemnation case 4 

Chattanooga, Tenn. : 

■ effect of reservoir storage at 35, 38 

flood damage at 25, 35 

past floods at 25, 38 

population 27 

river g age records at 35 

Chickamauga Dam, telephone 139 

Cinder-concrete block houses 199, 202 

Circuit breakers 129, 138, 144, 153. 648 

Civilian Conservation Corps 175, 

187, 550, 553, 556, 561 

Claiborne County 59, 519 

Clinch River : 

bridge construction 521, 524 

contribution to flood at Chat- 
tanooga 28 

control of 34, 40 

drainage area 24, 321, 637 

maximum flow 19, 637 

navigation. ( See Navigation.) 

silt samples 547 

stage at Clinton 36 

stream flows 26, 34, 36. 40, 305 

stream gage 321, 544 

studies of dam sites 15 


Clinch Eiver Basin : 
geology of 
rainfall 


Clinton, Tenn. : 
flood stages- 


forest tree nursery- 


57 
30, 41 


26, 36, 38 
551 


stream flow of Clinch River at- 26, 36, 46 

deck system 139 

Coal chute 44, 555 

Coal Creek. Tenn 161 

railhead 262 302 

Cofferdams (see also River Diversion)*: ’ 

No. 1 310 

No. 2 319 
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No. 3 

Ohio River box-1 
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314 

312 


penstock trash rack “I g-i* 

power house .>7* 

protection from floods kqq 

studies :::::: ios 

Committee on financial policy — re- 

port trqo 

Communication : 

automatic telephone and signal 13Q 

carrier current telephone “ 

surveys (see also Telephone and 

telegraph relocations) 499 500 

Community building 105 

Compressed air. (See Air cornpfes- 

sors.) 

Compression testing machine 410 

Comptroller general “ ZzZ 

Concrete : 

calcium chloride in 7*1 

cost 1~413, 415 

curing ’ 4 qV 

deflection. (See Dam deflection.)* 

design stress assumptions 74 149 

forms. (See Forms. ) ’ 

inspection 407 

laboratory II 343 409 

mixing water *>69 070 

mortar 395*397 

permeability tests, permeability 749 

production 275 649 

strain measurement I_ 85* 410 

Concrete buckets. (See Cableway 

buckets.) 

Concrete clean-up 400 

Concrete mixes: 

cable tunnel 4 70 

control II 388 

core wall 416 

mass 393,399 

powerhouse 434 436,438 

reinforced—. 394, 456 

spillway bridge 467 

spillway face 394, 455 

strength and workability of labo- 
ratory mixes 748 

training wall 456 

trash rack 452, 461 

trial 385, 408, 745 

tunnel 416 

types 267, 385, 393 

Concrete mixing plant : 

batcher 224, 269 

cost and performance 275 

description 268 

location 224, 267 

mixers 268, 649 

operation and control 273 

requirements of 267 

scales 269 

storage bins 224, 269 

Concrete placing : 

closure section 317, 405 

core wall 416 

dam 397,469 

powerhouse 436, 438 

spillway bridge 467 

trashrack 452, 461 

training wall 456 

tunnel 417 

„ vibrators 297, 387, 399, 416, 438 

Concreting personnel 402 

Conduits outlet. (See Outlet con- 
duits. ) 

Conservation Commission of 1909 4 

Construction : 

accounting. (Sep Accounting.) 
bridges. (See Bridge construc- 
, tion.) 

budget 609 

camp. (See Housing.) 

Ca H P usi em ? 0yee ^OTising. 

Caryville Dam 534 

consultants’ report 658 

cost engineering. (See Cost en- 
gineering.) 
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Construction — Continued. :pa ^ 1 

dam and powerhouse 32' 

field engineering. (See Field en- 
gineering. ) 

joints ( see also Contraction 

joints) 14' 

materials procurement. (See Ma- 
terials.) 

operations 34. 

organization and personnel. (See 
Organization and Personnel.) 
railroad. (;See Railroad reloca- 
tion.) 

river diversion. (See River diver- 
sion.) 

roads. (See Roads, access ; High- 
way relocation.) 

schedule 22: 

Construction plant : 

aggregate manufacturing. (See 
Aggregate manufacturing.) 
cableways. (See Cableways.) 

changes in 27< 

compressed air 273, 30' 

concrete mixing plant. (See Con- 
crete mixing plant.) 

depreciation 578, 59, 

design and selection 221 

disposal 32: 

electric distribution 303 

quarry. (See Quarry.) 
railhead. (See Railhead.) 

reinforcing steel handling 301 

roads and bridges 304 

shops and buildings 301 

statistical summary 649 

steam 272, 401, 452 

studies ‘ 221 

transfer train. (See Transfer 
train.) 

transfer train system 224, 277 

transportation facilities 301 

valuation 586 

water supply 272, 302 

Consultants’ reports : 
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plant 659 

barge lift omission 654 

cableway foundation 656 

construction --- 608 
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drum gate erection — 65' 
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foundation 654 
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age 655, 658 

foundation inspection 655 

general considerations 651 

grouting abutment 657 

research studies 654 

reservoir clearance 653 

reservoir subsurface water stud- 
ies G 54 

stability of dam structure 654 

Contract data : 

conditions of bid : — : — 4JO 

schedule of labor classification — 780 

Walsh-Healy Act 779 

Contract forms : 

addendum £92 

bid bond 773 

bidder’s specification and draw- 
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form of bid 772 

invitation to bid '69 

payment bond — 783 
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schedule 1 X7 

Contract summary * 

Contraction joints: 

rtata 481 

aSigni::: S2 , a*. i4s, «7. 470 

grouting 41d ’ ‘‘ig 

grouting arrangement 

measurement “b, -i 11 

155813 — 46 2 
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Control room 133, 139 

Coolidge, President Calvin 9 

Core wall 97, 625, 640 

concrete 416 

excavation- 415 

grouting under 375 

statistical summary 040 

Costs (see also chapter 9) : 

accounting. (See Accounting.) 
aggregate manufacturing plant- 242, 
•n * 245, 252, ^54 

allocation of 614 793 

analyses 600 

cableway 288, 293 

cement handling 265, 267 

cemetery relocation 513, 621 

concrete 413,415 

concrete haulage 280 

concrete mixing plant 275 

construction 613 631 

daily reports for job control ’603 

detailed summary 615 

earth fill 419 

engineering 600 

EKR cost index 340 

equipment plant and cost rec- 
ords 601 

estimates 602 

family removal 507 621 

formwork 406 

foundation drilling I 299 

housing 206,216 

land 613, 614, 630 

machine operation and delays 607 

methods 565 

Norris project 612 

penstock 420 

plant and equipment 324 

quarrying 225, 230, 232, 237 

repair program and replacement 

analyses 60S 

reservoir clearance 516, 517, 623 

riprap 420, 625 

river diversion — 312, 315, 320, 622, 623 

roads, access 170 

sand plant operation 253 

staff 567 

time studies 567, 607 

transfer train 280 

truck and trailer operation 301 

Cove Lake (later name for Caryville 
Lake, q. v.) : 

malaria control 549 

state park 187, 549, 561 

Cranes : 

locomotive 302 

traveling powerhouse 145, 627, 641 

Crushers. (See Aggregate manufac- 
turing plant.) 

Culverts, road 167, 168, 170 

Cumberland River and Basin, floods — 30 

Curtain grouting : 

high pressure 79, 359, 372 

investigation 369 

washing seams 370 

D 

Dam : 

abutment section. ( See Design 

analysis ; Earthquake effects ; 
Geology ; Grouting.) 

Big Ridge 559 

Caryville 534, 621 

concreting. (See Concrete.) 

construction operations 345 

cost 615, 623 

deflections. (See Deflections.) 
design. (See D.esign. ) 

design, analysis, silt load 75 

Doake’s Creek 553 

drainage. (See Drainage.) 
earth embankment. (See Earth 
embankment. ) 

elevator 156, 639 

excavation. (See excavation.) 
field engineering. (See Field en- 
gineering.) 
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Dams — Continued. ■* ras 

fish-rearing pool 5o£ 

friction coefficient. (See Sliding 
factor. ) 

foundation. (See Foundations.) 
galleries and operating chamber — 15< 

grouting. (See Grouting.) 
materials procurement. (See Ma- 
terials.) „ , 

model studies, (fifee Model.) 
organization and personnel. (See 
Organization and personnel.) 

site, description 19, 305 

site, geology. (See Geology.) 

site, selection andl location 15. 637 

site, stream flow 305 

sliding factor. (See Sliding fac- 
tor.) 

spillway. (See Design analysis; 
Earthquake effects ; Geology ; 
Grouting.) „„„ 

statistical summary 638 

Dayton, Term., flooded 26 

Deflection measurement, dam 87, 411 

structural model 724, 730 

Dendrochronological studies 24, 51 S 

Depreciation curves 590 

Depreciation, plant and equipment- 578, 591 
Design i 

basic data 53, 73, 661 

changes __ 94, 96, 101, 105, 153, 157, 158 

departures, consultants’ report 653 

bousing. ( See Housing.) 
powerhouse superstructure. (See 
Powerhouse. ) 

preliminary, comparative cost 

analysis 50 

preliminary, concrete straight 

gravity 47 

preliminary, rock fill 50 

preliminary, rolled earth fill 50 

preliminary, round head buttress- 49 
preliminary, TJ. S. Army Engi- 
neers 16, 45 

preliminary, U. S. Bureau of 

Reclamation 47 

stresses 74 

studies 661 

weights and loads 74 

Design analysis: 

abutment section 73, 76, 670, 673 

assumptions 74, 77 

check computations 670 

comparison of analytical and 

experimental data 76, 727, 731 

conditions of loading 73, 75, 661, 670 

earthquake effects. (See Earth- 
quake effects.) 

gravity 71. 74, 663, 670 

shear-friction factor of safety 661, 

662, 663, 666, 672 

spillway section 73, 76, 672, 675 

stability (see also Foundation) 72 

twist 71, 76, 667 

uplift. (See Uplift.) 

Diffuser sills 700 

Dike, earth. (See Earth dike.) 

Discharge, model studies 703, 707, 717 

spillway 18, 87, 91 

Disposal, construction plant and 

equipment 323 

Diversion. (See River diversion.) 

Drake’s Creek Dam 553 

Dolomite rock. (See Rock.) 

Dormitories. (See Housing.) 

Draft tube. (See Turbine.) 

statistical summary 642 

Drainage : 

area- 637 

foundation 80, 655 

roadway on dam 158 

slope 98 

sumps and pumps 157, 639, 647 

underground 57 

Drilling : 

foundation 298, 359 

quarry ^ 228 


Page 

Drum gates 88 63 q 

calibration of J ’ 799 

erection “ 457 

erection, consultants’ report 657 

model study 88, 693, 703 707 

operating program, model 

studies 714 717 

pressure on, model studies ’ 712 


Earth dike : 

construction - _ 474 

design ~47‘l 640, 650 

foundation 473 

foundation grouting — 473, 475, 640 650 

location _ 470 

protection 470 

reservoir rim protection 53~ 473 657 

rolled fill for 476, 640*, 650 

Earth embankment : 

core Wall. (Sec Core wall.) 

cost 419, 615, 625 

' 97 640 

excavation _ 415 

fill-- — 41ft 

protection 410 

tunnels. ( See Tunnels.) 

Earth fill dam. (See Earth dike.) 

Doake’s Creek 550 

Earthquake effects 71 74 664 @73 

abutment section - ’ 673 

spillway section “ 675 

stress analysis 664, 673 

East embankment. (See Earth em- 
bankment) 

Economic effects : 

county debt 62 65 

family relocations 6i~ 63 ’ 65 

loss of revenue * 61 r$4 

removal from tax base ’59 

manufacturing ~ «q 

mining II 39 

™ Property removed from tax base— 60, 63 
Efficiency : ’ 

generators 131, 642, 76G 

turbines n« 641 7*59 

Electrical distribution system! I— ’ 183 

circuit breakers. (See Circuit 
Breakers.) 

excitation and voltage control 128 

general plan 199 

generators. (See Generator!)" 

— 142 - ill 

neutral reactors 130 133 

switchboard and control. (See ’ 
Switchboard equipment.) 

switching 131 

transformers. (See Trans- 
formers. ) 

Elevator ikb aoq 

Embankment, earth. (>See~Earth ’em- ’ b 8 

bankment. ) 

Emory River, flood rates 31 

h0 1 u sing. (See Housing.)"" 

Employee relationship policy 797 804 

Employment procedure ’ 328 

Engineering consultants’ reports I 651 

Erosion control ” kka 

Evaporation studies II " 54/3 

Ixcavation : 

blasting 354 357 

core wall trench _II__ 415 

354, 357 

i*<**-7 298, 352 

354 > 415 

129, 643 

PflOt 1 9Q 9 

Executive orders — I_I_I_II_I ’ 824 

F 

Family removal : 

cost 507,621 

methods 505 
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Family removal — Continued. Page 

problem 504 

studies 59, 65 

Federal Housing Authority 176 

Federal Power Commission : 

applications filed with 7 

cost report 601 

Federal purchasing statute 387 

Fertilizer, allocation of costs 794 

Fetters, F. A 743 

Field engineering : 

chain-testing monuments 348 

control 346 

organization 346 

penstock 349 

powerhouse 349 

trashracks 349 

Fire extinguishers 149 

Fire protection equipment : 

housing 182, 215 

powerhouse 148 

switchyard 149 

Fish-rearing pools 553 

Flashboards 534 

Flood capacity, consultants’ report 655 

Flood control 32, 539 

allocation of costs 793 

Flood flows 18, 25, 28. 34 

Flood forecasting 40, 320 

Flood investigations 24, 35, 38 

Flood period 34, 539 

Flood storage 17, 34, 539, 637 

Flood storms 29, 34 

Florence, Ala., regulated flows 44 

Flow meters 118 

Flow, Clinch River 93, 637 

Floyd, O. N„, consultant 651 

Force account construction 158, 217, 327 

Forecasting, flood 40, 320 

Forest management (See also Reforest- 
ation) 552 

Forest tree nursery 551 

Forms : 

cable tunnel 470 

draft tubes 433 

handling 297 

outlet conduit 462 

panel 296, 402 

powerhouse 437 

roadway over dam 468 

spillway bridge _ 467 

trashracks 451, 461 

Foundation (see also Geology) : 

consultants' report 652 

drainage 80 

drilling 298, 359 

earth dike 473 

earth embankment 414 

excavation, (See Excavation.) 

exploration of drill holes 360, 370 

grouting. (See Grouting.) 
inspection, consultants’ report — 655 

investigations 359 

rock, tests 23, 76, 80 

rock, unit stress, strength, and 

weight 75, 77, 361 

sliding factors. (See Sliding.) 

stability studies 72, 74, 76, 687 

steps 78 

treatment Jsee also Grouting) : 

studies 22,361 

uplift. (See Uplift.) 

Francis turbine wheel. (See Tur- 
bine. ) 

French Broad River 28 

Friction coefficient : 

dam. (See Sliding factors.) 
powerhouse 150 


Gages. (See Instruments. ) 

Galleries 149, 156 

Game management 553 

Gates : 

closure 317 

drum. (See Drum gates.) 


Gates — Continued. Page 

grooves 452 

hoists. (See Hoists.) 

seals 89,103,454 

seats 89, 94, 103, 452, 455, 640 

slide (see also Outlet conduits) 858, 

93, 639 

slide, assembly 463 

slide, specifications 786 

sluice 534 

tractor 101, 640 

tractor, assembly 454 

tractor, design conditions 732 

tractor, model studies ( see also 

Model, hydraulic) 734 

tractor, support beams 99 

tractor, theoretical downpull 738 

wicket 115, 121, 439, 442, 44 4 

Generator : 

acceptance tests 131, 764 

bearing brackets 127, 450 

brakes 128, 642 

control and operation 133, 136, 640 

efficiency 131, 642, 766 

erection 449 

excitation and voltage control 129, 643 

fire protection 148, 644 

guide bearing 113, 127, 642 

heaters 130 

installation and assembly 449 

neutral reactors 130, 643 

principal features 71, 99, 124, 642 

rating 71,124,642 

rotor 126,442,450,642 

shaft 114,126,442,450 

speed regulation. (See Gov- 
ernor.) 

stator 124,450,642 

surge protective equipment 129 

switching and connections 131, 133 

thrust hearing 127, 442, 450, 642 

ventilation. 128,642 

Geologic history 55 

Geology : 

abutment 21 

Chickamauga limestone 57 

Conasauga group 56 

consultants’ reports 651 

dam site — 19, 25, 53 

geologic column 55 

Knox dolomite 53, 228 

reservoir region 53. 228 

Rome formation 56 

stratigraphy 55 

structure — , 58 

Gibson. N. R., turbine acceptance test. 

(See Turbine acceptance test.) 

Glenn, L>. consultant 651 

Governor 119, 449, 626, 644 

actuators and controls 11 9, 145 

oil-pressure system 121, 144 

servomotor. (See Turbine.) 

speed indicators 121 

statistical summary 644 

Grainger County 59, 519 

Grand Coulee Dam 80, 719 

Grave removal. (See Cemetery relo- 
cation.) 

Gravity analysis. (See Design anal- 
ysis.) 

Grounding 142, 156 

Ground water studies 545 

Ground water studies, consultants* 

report 654 

Grout : 

mixers and pumps 299, 367 

rock flour 380 

rock flour, cement mixture tests- 751 

sand 382 

stops 83,413,481 

tests 380 

water-cement ratio 372 

Grout action 373 

Grout cells 479 

Grouting : . , 

abutment, consultants’ report 657 

abutments 53 
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G rout ing — Con tinned . 


Page 


contraction joint 83, 413, 481 

curtain. (See Curtain grouting.) 

drill scheme, 359, 363, 370 

earth dike foundation 473, 475 

foundation 22, 79, 256, 359, 649 

foundation, consultants’ report- 655, 60S 

organization ^ 383 

reservoir rim 378, 649 

scroll case and speed ring 436 

shallow. (See Shallow grouting.) 

specifications 84 

summary 649 

tunnel 368, 417 

under core wall 375 

H 


Hales Bar Dam 

Hamilton, G. W consultant- 

Harrison Bay State Park 

Harza, L. F., consultant 

Head, gror 
Head loss 


7 

651 

187 

651 

638 

. 762 

Heating, electric 175, 177, 211, 214 

Highway. (See Road.) 

Highway and bridge relocation, cost — 520, 

522, 620 

Highway relocation : 

access to isolated areas 68, 519 

Caryville 533 

county 68, 519, 521 

State 510 

Hiwassee River 28 

Hoists : 

slide gate 94, 463 

tractor gate 101, 455, 640 

unloading 302 

Holston River 28 

Hoover, President Herbert H . 10 

House Document No. 328 17 

Housing 173 

architecture 194 

cafeteria 185, 191 

charges to Norris project 219 

commercial structures 215 

community building 185, 191 

costs 206, 216 

dairy group 215 

design 185 

dormitories 186 

electrical distribution system 183 

fire-protection equipment 182, 214 

garages and service roads 205 

laboratory 215 

landscaping 204 

layout 184 

location of houses 193 

location procedure 179 

permanent value 177 

proposed and actual use 178 

recreation 205 

school building 211 

sewage disposal 182 

significance in town planning 176 

site requirements 178 

store building — 210, 213 

streets 181 

studies-—-- _ .: 173 

town office 213 

water supply 182 

workshop 213 

Hydraulic : 

gage board 186. 645 

jump 87,93 

jump, model studies 696. 717 

laboratory 216 

uplift, (See Uplift, hydraulic.) 

Hydraulic models 693 

apron 696 

comparisons with prototype 716 

drum gate. (See Drum gates.) 

needle valves 716 

outlet conduits 714 

powerhouse water discharge 718 

spillway (see also Drum gates) 88. 

693, 695 

tractor gate 734 


I Page 

Illumination 143, 623 

Instruments : 

calorimeter, Carlson vane 750 

Carlson resistance thermometer- 85, 410 

Carlson strain meter 85, 410 

dam deflection 87, 411 

extension gage, micrometer 349 

flow meters 118 

height gage, micrometer 351 

hydraulic gage board 136, 645 

joint meters 86, 411 

Micromax recorder thermometer — 114, 

132 

Olsen strain meter 429 

oscillograph 447 

panels 135 

piezometer 118, 712, 734, 760 

rain gage 24, 321, 322 

speed indicators 121 

strain meters 85, 410, 429, 724 

stream gages 321, 544 

switchboard (see also Switch- 
board equipment) 134, 141 

tension indicator 287 

tensometer 724, 728, 730 

thermocouple 425 

thermometer 85, 

114, 125, 128, 132, 410, 642, 747, 750 

thermometer, resistance detector 

coils— 114, 125, 128, 132, 642, 747, 750 

Tuekerman optical strain meter — 724 

turbidimeter, Wagner 343, 393, 746 

upheaval gage 365, 369, 373 

water level gages 143 

Whittemore strain meter 429 

Intakes 451, 640 

Investigations : 

early 7 

preliminary 15 


Keith, Arthur, geologic consultant 651 

Kingsbury bearing 127, 442, 642 

Kingsport, Term., model communities- 174 

L 

Labor relations 330, 797, 804 

Labor classifications 802 

Laboratory ?, 215 

Labor classification schedule 780 

LaFollette, Tenn., backwater. 18 

Lake City, Tenn. (formerly called Coal 
Creek, q. v.). 

Land acquisition : 

condemnation — 503 

economic effect 59 

policies 502 

organization 502 

surveys 492, 497 

Land purchase control 500 

Landscaping, bousing 204 

Leakage : 

consultants’ report 652 

dam 41 , 157, 481 

foundation 359, 375, 545 

reservoir rim 53, 359, 473, 545 

turbine gates 128, 642 

Leeds, Morris 743 

Lighting 143, 623 

Lightning arresters 156, 648 

Liners : 

conduit 94, 463 

draft tube 117, 350, 434 

penstock 105 

scroll case 110 

wheel pit 112, 116 

Little Tennessee River 28 

Locher, C. H., consultant 651 

Lock and Dam No. 1 1 6 

Location, dam 15, 637 

Locomotives 277 

Loyston : 

backwater adjustments 61, 531 

Dike. (See Earth dike.) 
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Page 

Machine shop, powerhouse 149 

Madden Dam, erosion of conduits 462 

Malaria control 548 

Mapping : 

geologic 19, 53 

reservoir. (See Surveys ; Field 
engineering. ) 

Materials : 

accounting, (See Accounting.) 

inspection and testing 340 

procurement 336, 339 

purchasing procedure 338 

purchasing system 337 

specifications 341 

Maximum rainfall. (See Flood storm.) 

McClellan, L. N„ consultant 651 

Mead, Warren J., consultant 651 

Mechanical equipment 639, 647 

Medical service 335 

Merriman soundness determination 344 

Meters. (See Instruments.) 

Minerals testing laboratory 216 

Mississippi River : 

floods 34, 40, 539 

navigation 33, 44 

storms 31 

Mixers. (See Concrete mixing plant.) 

Models : 

architectural 718 

hydraulic. (See Hydraulic 
models. ) 

structural. (See Structural 
models.) 

Model design, stress-strain relation 721 

Model design theory : 

hydraulic 695 

structural 720 

Model theory, discussion 731 

Muscle Shoals 3 

N 

National defense 34 

allocation of costs 794 

National housing policy 176 

National Park Service 175, 187, 556, 561 

National Recovery Administration — 174, 

217, 340, 420 

National Safety Council 335, 536 

National Waterways Commission 4 

Navigation : 

allocation of costs 793 

barge lift. (See Barge lift.) 

Clinch River 16, 44, 638 

coal chute 44, 555 

Mississippi River 33, 44 

releases 17, 32, 44, 539, 638 

reservoir 555, 638 

Tennessee River 32, 44, 17, 638 

terminal facilities 44, 47, 555 

, Needle valves, model study 716 

Norris Park 206, 558 

Norris. Senator George W 8, 10, 12 

Nursery, forest tree 551 

O 

Oeoee-Toceoa River 7 

Ohio River : 

drainage area at Cairo 26 

floods 34, 39 

storms 31 

Oil : 

distribution 144, 156, 647 

, pressure system governor 121, 144 

purifier 144, 156, 647 

storage 95, 114, 123, 128, 145, 156, 644 

Operations: 

construction 345 

reservoir—, -< 539 

Organization and personnel 327, 797 

employment procedure 328 

employee relationship 797, 804 

labor relations 330, 797, 804 

medical service activities 335 

plan of operation 327 


Organization and personnel — Con. Page 

safety 332 

salary and wage schedules- 330, 797, 802 

training and recreation 331 

Outlet conduits : 

air inlet 06, 463 

bellmouth sections 93, 462 

concrete section 462 

discharge IS, 93 

gates. (See Gate, slide.) 

inspection 544 

liner 94, 463 

location 94 

model study 714 

operating program, model 

studies 714, 716 

reservoir control 93 

trashracks 93 

P 

Pal’s, Ira, water test 344 

Park facilities. (See Recreation fa- 
cilities. ) 

Paul, C. PI., consultant 651 

Payments to states 10 

Penstocks : 

air inlet 106, 640 

connection to scroll case 108 

contractor’s plant and organiza- 
tion 420, 433 

cost 420, 625 

design 99, 640 

gates. (See Gates, tractor.) 

handling 427 

head loss 762 

intake transition 99, 105, 452 

joint welding procedure 421, 427 

liner 99, 105, 117 

location 105, 349 

stress relieving 106, 424 

tests and inspection 431 

tests on stress relieving 428 

trashrack. (See Trashrack.) 

X-raying joints 423, 428 

Personnel. (See also Organization 

and personnel) 797 

Photography, aerial. (See Aerial 
photography.) 

Piezometer— 118, 712, 734, 760 

Piezometer lines, turbine 118, 760 

Plans and specifications 829 

Powell River: 

drainage area 24 

geology 55, 58 

navigation 44, 638 

profile 16 

silt samples 547 

studies of dam sites 15 

Power : 

allocation of cost 793 

generation 45,540 

installation 45 

primary 17, 45 

station. (See Powerhouse station 
service.) 

studies 15, 17, 45 

Powerhouse : 

additional office space, consult- 
ants’ report 659 

construction joints 149 

control room. (/Gee Control 
room.) 

costs 615, 622 

crane 145, 627, 641 

design loads and weights 150 

excavation. (See Excavation.) 

field engineering control 349 

fire protection 148 

friction coefficient 150 

machine shop „ 149 

intakes 451, 640 

operating staff 542 

preliminary design 153 

river diversion. 316 

statistical summary 640 

water discharge, model study 718 
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Powerhouse substructure : . ' 

draft tube 117,149,433 

.galleries 149 

mass concrete 99, 149, 434 

reinforced concrete 149, 436 

scroll case and penstock 149, 435 

speed ring 108, 434 

wheel pit 112 

Powerhouse superstructure : 

concrete and. forms 43/ 

design 71, 99, 150 

structural steel 436 

Power line : 

relocation, Tennessee Electric 

Power Co 530 

surveys 499 

Precipitation. (See Rainfall.) 

Preliminary design. (See Dam, pre- 
liminary design. ) 

Preliminary studies and investiga- 
tions 15 

Primary power 17, 45 

Property management, reservoir 549 

Public works Administration 176 

Pump, sand 251,256 

Pumps and sumps, drainage 157 

Purchasing and procurement. (See 
Materials; Specifications.) 


Quarry : 

blasting 

cost 

drill crew 

drilling 

hauling trucks 

loading shovels 

location 

method of quarrying.. 

rock 

stripping 


23i 

2287230, 232, 284 

229 

228 

234 

232,234 

221, 225 

226 

228 

227 


Radburn, N. J., model community — : 174 

Railhead, Coal Creek, Tenn 262, 302 

Railroad relocation 524 

Louisville & Nashville Railroad 527, 

621 

Middlesboro Branch of Southern 

Railway 524, 621 

Vasper-LaFoIlette Branch of 

Southern Railway 528 

Railway and bridge relocation costs- 616, 621 

Rainfall data 24, 41, 321 

flood storms 29, 34 

Rainfall gages. (See Instruments.) 

Recreation facilities 556 

Big Ridge Park 559 

boat landings 557 

Cove Lake State Park 561 

employee 205, 331 

Norris Park 558 

Reforestation 550 

Relays : 

carrier current, transmission 138 

transformer 137 

Reservoir : 

activities 485 

activities, safety 536 

backwater adjustments. (See 
Backwater.) 

boat landings 557 

boundary line, survey 498 

control 18, 24. 88, 93, 153 

controlling levels 16, 38, 47, 53, 637 

elevations 637 

flood capacity and operating ele- 
vations, consultants’ report 655 

geology. (See Geology.) 

map 486 

navigation 555, 638 

operation 35, 39, 539 

property management 549 

subsurface water studies, consult- 
ants’ report 654 

Reservoir clearance 513, 637 

•consultants’ report 653 


Reservoir clearance — Continued. ^ 

costs 516, 623 

merchantable timber, fences, and 

buildings 516 

method of operation 514 

organization 513 

surveys 497 

Reservoir rim : 

investigations 376 

leakage 53, 359, 473, 545 

treatment 53, 298, 359 

treatment costs ( see also Earth 

dike) 623 

Reservoir storage 40, 637 

flood 17, 32, 35, 589, 637 

navigation 17, 33, 44, 539, 638 

power 18 , 33, 44 

reduction of capacity due to silt 546 

Resettlement Administration 176 

Riprap 97, 302, 419, 474, 478, 625 

River and Harbor Acts : 

of 1922 and 1925 8 

of 1930 17 

River diversion (see also Cofferdams) : 

closure 317 

cofferdam No. 1 310 

cofferdam No. 2 312 

cofferdam No. 3 314 

costs 312, 315, 320, 622, 623 

flood forecasting 320 

operation after closure 320 

penstock trash rack 316 

powerhouse 316 

studies 303 

Roads : 

access. ( See Access roads.) 

approach 170 

Roadway on dam : 

construction 468 

design features 18, 71, 158 

drainage 158, 470 

surfacing 470 

Rock : 

excavation. (See Excavation.) 

formation (see also Geology) 71 

flour. (See Grout.) 

Knox Dolomite 20, 55, 221, 225, 228 

Roosevelt, President Franklin D 10 

Roosevelt, President Theodore 3 

Root, Elihu 4 

Runoff 25, 32, 36, 39, 322 


Safety activities : 

dam construction 

reservoir clearance 

Salary schedules 330, 797, 802, 

Sand plant. (See Aggregate manufac- 
turing plant.) 

Sand washer. (See Aggregate manu- 
facturing plant.) 

Savage, J. L„ consultant 

Scales 

Schedule, construction 

Scheidenhelm, F. W., consultant 

School building 206, 211, 

Screens. (See Aggregate manufactur- 
ing plant.) 

Scroll case. (See Turbine.) 

Scroll case and penstock, powerhouse 

substructure 

Servomotor. (See Turbine.) 

Sewage disposal 148. 

Shallow grouting ; 

low pressure 79, 359, 365, 

washing seams 

Shear-friction factor of safety < 

662, 665, 666, 

effect of uplift on 

Shovels, loading 232, 

Silt: 

Big Barren Creek, studies 

Big Sycamore Creek, studies 

investigations 75, 

laboratory 

range surveys 

Slide gate. (See Gates.) 
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Sliding factors- 73, 76, 150, 661, 664, 667, 672 

effect of twists on 669 

effect of uplift on 669 

Sliding, resistance to 689 

Social effects, family removal 59, 65 

Soil mechanics laboratory 216 

Specification, slide gates 786 

Specifications 829 

Spillway section. (See Design analy- 
sis ; Earthquake effects ; Geology ; 
Grouting. ) 

apron 92,455 

bridge. (See Bridge.) 

capacity 18, 24, 87 

concrete 394. 455 

control (see also Gate, drum) 74.87 

design 73 

discharge 540 

discharge calibration 703 

hydraulic jump pool 87, 93 

location 87 

model studies (see also Gates, 

drum) 88, 693, 695 

statistical summary 638 

training walls. (See Training 
walls.) 

velocity studies 713 

Stability : 

analysis 687 

dam structure, consultants’ re- 
port 654 

studies (see also Foundation) 72, 

74,76 

Station service : 

air conditioning 146 

clock 139 

fire protection 148 

lighting 143 

power 140 

sewage disposal 148 

water supply 147 

Statistical summary 637 

Steel acceptance tests 757 

Stilling basin 717 

Stop logs 93, 117, 453, 534 

Strain measurement dam (see also 

Structural models) 85,410 

Strain meter. (See Instruments.) 

Stream flow, dam site 305, 637 

Stream gaging (see also Instru- 
ments) 544, 637 

Stress : 

analysis. (See Design analysis.) 
comparison of analytical and ex- 
perimental 76, 727, 731 

concentration » — 79 

effect of twist on 669 

model study. (See Structural 
models.) 

relieving, penstock- (See Pen- 
stock.) 

scroll case HU 

structural models. (See struc- 
tural models.) 

tension 664 

Stripping, quarry : — 227 

Structural analysis. (See Design 

analysis.) 

Structural models 718 

comparison of analytical and ex- 

perimental stresses •- <6, 727, 731 

deflection measurement 724, 730 

strain measurement 727, 728, 731 

stresses 726, 732 

testing procedure 724, 732 

Summary of costs. (See Costs.) 

Sump pump. ( See Drainage.) 

Surge protective equipment, genera- 

tor 129 

Surveys : (see also Field engineering) 

aerial photography 485, 491 

basic control 487 

cemetery — 499. 510 

communication and power line — 499 

final plan - 487 

land acquisition 492, 497 

preliminary 485 


Surveys — Continued- Page 

property 485, 492, 497 

reservoir boundary 498 

reservoir clearance 497 

schedule 487 

silt range 487 

topographic 499 

Swinnertou, A. C., geologic consult- 
ant 651 

Switchboard equipment : 

auxiliary 141, 645 

hydraulic gage board 136, 645 

operation 133 

panel and control board — 135, 136, 645 

switchboard 133, 645, 646 

Switches, disconnecting 648 

Switchyard : 

cable tunnel. (See Cable tunnel.) 
concrete footings and founda- 
tions 470 

design 153 

equipment 155, 648 

equipment installation 471 

excavation 470 

fire protection 149 

location 71, 153 

steel assembly 471 

T 

Tailrace paving 118, 625 

Tail water 638 

Tailwater rating curves 696 

Telegraph relocation, Western Union- 530, 

621 

Telephone relocation : 

Powell Valley telephone line 531 

Rosenbalm & Bunion telephone 531 

Shown Telephone Co 531 

Southern Bell Telephone & Tele- 
graph Co 530 

Tennessee basin : 

floods 25, 30, 34 

storms 30 

Tennessee Electric Power Co 7, 530 

Tennessee Emergency Belief Adminis- 
tration 490 

Tennessee Game and Fish Division 553 

Tennessee Eiver : 

drainage area 28 

flood 27, 30, 34, 39, 539 

low flows 39 

navigation 17, 33, 44, 321 

power development 15, 44 

Tennessee State Department of Con- 
servation 557, 561 

Tennessee State Health Department — 512 

Tennessee State Highway Department- 158, 

470 

Tension indicator 287 

Tests : 

aggregate 344 

cableway 287 

cement - 343, 747 

cement acceptance 757 

chemical 345 

compaction of earth fill 418. 

477, 640, 650 

• concrete 408, 650 

drum gates. (See Drum gates.) 

foundation rock 23, 76. 80 

generator acceptance 131, 764 

grout 380 

materials and equipment 340 

metals 344,757 

military demolition 524 

operating equipment for slide 

gates . 542 

paint 344 

penstock 431 

rock flour, cement mortar 751 

spillway model. (See Model.) 

steel acceptance 757 

stress relieving 428 

tractor gates 734, 737 

training walls 712 

turbine acceptance, Gibson 

method 118,757 

turbine vibrations * 447 
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Tractor gates. (See Gates.) 
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river diversion 316 
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Temperature, concrete 85, 410, 747 
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bousing plan „ ’ ’ 170 

preliminary design “lo 45 53 

preliminary studies 15, 24’ 54’ 59 

rr ^P^^nary survey— 346, 485, 499 
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Vent, air. (See Air inlet.) 

Ventilation. (See Air Conditioning.) 

Vibrators, concrete 297, 387, 399, 416, 438 

Voltage control 129 
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Wage schedule 330, 797, 802, 825 

Walsh-Healy Act 779 

War Department. (See 17. S. Army 
Engineers.) 

Washers, sand 251,255 

Water analysis laboratory 216 

Water elevations 637 

water level gages 143 

Water stops 83, 412, 480 

Water supply: 

domestic 147 302 

. ra ^7 j-t 147, 272^ 302 

Waterville project 7 

Wheeler Dam 6. 44, 123, 139 

Wheeler Dam, allocation of costs 793 

Wheeler Reservoir : 

clearing methods 515 

railroad relocation 524 

White Creek, silt - 547 

Wilson Darn- 5, 18, 32, 44, 139 

Wilson Dam, allocation of costs 793 

Wilson, President Woodrow 5 

Wiring : 

ground 142,156 

leads. 131,646 

low voltage 141 

switchboard and control 7177 134 

Woodward, §. M., consultant „ 6‘51 
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